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PREFACE. 


At  the  reqnest  of  many  teachers  who  wished  to  use  the  Hand- 
Book  as  a  practice-hook  for  their  pupils,  no  answers  and  but  few 
hints  were  given  in  the  book,  but  it  has  been  thought  desirable  to 
prepare  this  "  Companion  "  which  will  fully  meet  the  wants  of 
both  Teacher  and  Private  Student,  as  expressed  in  numerous  sug- 
gestions from  Teachers  and  Students  throughout  Ontario.  Full 
solutions  are  given  of  all  the  difficult  problems,  and  in  every 
case,  the  hints  and  steps  are  such  as  to  meet  the  requirements  of 
the  Student.  It  is  believed  that  the  Key  will  prove  useful  not 
only  in  lessening  the  labour  of  Teachers,  but  also  in  assist- 
ing that  large  class  of  Students  who  are  endeavouring,  without 
the  aid  of  a  Teacher,  to  obtain  a  thorough  grounding  in  Element- 
ary Algebra. 

To  J.  Ryerson,  M.A.,  of  Barrie  Collegiate  Institute,  J.  C.  Har- 
stone,  M.A.,  of  Port  Hope  High  School,  and  Mr.  Jas.  Miller,  of 
Bowmanville  High  School,  my  thanks  are  due  lor  valuable  as- 
sistance in  the  preparation  of  the  Key.  J.  A.  M. 


CHAPTER  I. 


Exercise  i..  page  1. 

1.  9;  -69;  1;  0;  1206;   -29;  If. 

2.  -  160  ;  106  ;  41  ;   108. 

3-  -  rV  J*.   ~25>  125;  rV   -81.    -4*S  :  °>    -1- 

4.  9,  3  ;  7,    -  ,V  • 

5.  176;  82,  254ff ;    -37-7^3. 

6.  18  each. 

7.  146;  14;    -72;    -270;  396. 

8.  Each  =  0. 

Exercise  ii.,  page  7. 

1.  -1;         2.      -166542;  3.     100. 

4.  -2967511;  5.     968;  6.      -162  7.     10 

8.  -8;          9.     0;          10.      -20;         11.     706440254900. 
12. 


1+3 

-13 

-88 

+  3          3 

+  19.75329    . 

+  31.8043 

.5 

•5 

+   3.29222 

+-  5.3007 

8 

8 

.52675 

.8481 

4 

4 

2634 

424 

4 

4 

263 

42 

3 

3 

20 

3 

1+6-58443 

+  10.0014  ; 

0          Ans. 

-3 

1+3 

-13 

-38 

.7 

-3.77931 

+  2.3379 

+  30.165 

7 

.5455 

7.038 

9 

545 

.704 

3 

69 

90 

1 

2 

3 

-    .77931 

r  10.055   ; 

0         Ans. 

CHAPTER    ONE. 


-2 

1+3 

-13 

—88 

.8 

-  2.80512 

-     .3898 

+  27.0934 

0 

.1559 

+  10.8374 

5 

10 

677 

1 

13 

2 

3 

1+   .19488 

-  13.5467  ; 

0        A 

13.     0  for  each. 

Exercise  iii.,  page  7. 

1.     0,  16a4  ;  2.     a,  aj/8 ;    3.     2a,  0 ; 

4.     26a6, -26a6;     5.-  0 ;  6.     4a*  ;  7.     6a<; 

a 


9.     c;  10.     0;  11. 


12.       -TJ   (i+2c);  (13).     a2+62+c2;  14.     0. 

15.     From  the  value  of  x,  the  cube  in  the  given  expression 

(a+  i,  3  3(a+  i) 

;  also  x+2a  +  b=  —     ; — ,  and#  —  a  —  2b=  — 
oo  —  a./ 

— o —    ;    •'•    the  second  fraction  in  the  given  expression  =  —  1, 


and  the  result  is  Ur-         +l  =  (12^2i_24rt/;2  +  2863)  -=-  (36-a)a. 

\  O *)  —  C&  i 

16.0;         17.0;         J8.    -b*c\       19.    20,  21,  22,  each  =  0. 

23.  The  square  of  the  difference  of  two  quantities  is  equal  to 
the  sum  of  their  squares  diminished  lay  twice  their  product. 

24.  (a  +  b)(a-b)  =  a*-b*;         25.  2(l+b)h,  4z2. 

26.  The  product  of  two  binomials  which  have  one  common 
term,  is  equal  to  the  square  of  the  common  term,  plus  the  sum  of 

'  the  unlike  terms  multiplied  by  the  common  term,  plus  the  product 
of  the  unlike  terms. 

27.  (a  +  &)2-2afc  =  a3-f&3. 

28.  The  sum  of  the  cubes  of  two  quantities  is  equal  to  the  sum 
of  the  cubes  of  the  quantities,  increased  by  three  times  their  pro- 
duct  multiplied  by  their  sum,  • 
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A  fl 


30. 


x-ry 

81.  The  difference  of  the  cubes  of  two  quantities  divided  by  the 
difference  of  the  quantities,  is  equal  to  the  square  of  the  sum  of 
the  quantities,  diminished  by  their  product. 

32.  rfs-3/s.  33.  z  =  1/(if/2). 

34.  Area  =  i  \'(2m2)  x  A/(2/2),  where  I,  m,  are  the  sides  of  rect. 

35.  ir/'2.  w(r2  —  r/2)  =  -»r(r+r')(r-r'),  where  r,  r'  are  the  radii. 

36.  w/2A,     £«>-8A,     3-7rj-8fc. 

Exercise  iv.,  page  10. 
1.     2(fa-f-cy).  2.      8(w-6y). 

3.  a»(a;-a)-/»6(a:-y)-fc9(y-a).       4.      (x+y+=K« 

5.  («  +  6  +  r)(^2+?/2-fz2)- 

6.  2(a;-J-?/-r-x)(rt2-f  6s  +t-s-ai  -«<?-/*<•).         7.     0. 
8.     2(ax+r2/  +  /zj.  9.     fla  +  ha^.cs. 

10.  2z"^«-26).  11.     (a  +  b-c) 

Exercise  v.,  page  12. 

1.     2(x*+9y*}.  4rt-'A*.  4.     4(a2-63 

5.     a2+4.T,  -8^a*-4ar2y8  +  8-J?/*.         6.     «2. 

8.  x2  -6»3+9a-4+2a7/-6x?/2  -(!ar2//+18x2//2+!/2- 

9.  //«),  2(1  +  12x3  +  16x*.)  10.  TV--'. 

11.  o*-2fr»,  s.,  12.  2(«-c)(6 
13.  ^-'4|?/-+|22-f  !(>//  +  yz+2a;)  15.  (1+x2)2. 
16  4(av/  +  ^2  +  zx)-2(a;2  +  i/2+2-).  17.  x2. 

18.      (a-+2^-2f2;2.  19.      16a;^». 

20.      -4«6.  21.     4lrt  +  6+ 

23.     4(1  +z2  +**+>).  24.     (a2^+^ 

HIXTS  AND  SOLUTIONS. 
1,  2,  3.     See  Ex.  1. 

4.  The  quantity  in  first  brackets  is  seen  to  be 

(«  4-  Lit-  +  •-<     <>;-  —  i//  r  l>)'~,  uow  multiply  this  by  (a  —  6) 


CHAPTER    ONE. 

5.  Actual  expansion,  or  use  formula   [4]. 

7.  Actual  expn.  of  given  expression,  or  by  symmetry. 

9.  See  Ex.  1. 

10.  The ^ expression    is  seen    to    be   (2«  —  6  +  26—  c- 


12.  Actual  expansion,  or  by  formula  [4] 


13.  Expression  is  seen  to  be  (\x  —  y+^y-z  +  ^z-  x)*  =  &c. 

14.  Transpose  left  baud  member,  and  expression  becomes 
(x  —  y  +  y  —  z+z  -z)3  =0,  &c. 

15.  Expn.  =  (l+a;)4-  2(1  +  ,;2)(i+a;)2  +  (i+a.2)8_{. 
(l-aj«)3  =  {(l+aj)8-(l+aj2)}s  +  (i_  a;3)2,  &c.     See  Ex.  4. 

17. 

18.  Expn.  =  } 

19.  Expn.  =  { 

21.  Given  expn.  =  (8a-  6+36-  c-  +  3c-c/)2  =&c. 

22. 

=  &c. 
23. 
=  &o.     See  Ex.  2. 

24. 


+  (rts.ra  -A9y8)8  =&c.     See  Ex. 
Exercise  vi. 


2.   !_ 
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8.  ~ 


&*  +  i?/2-f;36z2  -$ 
4.  xs- 


5.  By  actual  expansion,  or  left  hand  member  is  seen  to  contain 
y  —  bx)2      :.  by  symmetry,  &c. 

6.  Expression  = 

{  (ax  +  by  +  cz)  -f  (bx+cy  +  az)  }  {  (ax  +  ty  -f-  cz)  -  (t>z+  cy  +  02)  } 
=  (a.r+6^  +  rz)a  —  (bx  +  cy  +  «z)* 

7.  Multiplying  by  2,  we  have  to  show 


-2(a-c)(6-e)  =  0, 

t>.,  {(a-6)  +  (6-c)-(a-e)}»=0. 

8.  3(aa+&3_K3)_2(a6-Hc  +  ca). 

9.  Expand  the  giyen  expression,  and  result  can  be  put  in  the 
required  form.     Or,  expression  is  symmetrical  with  respect  to  b 
and   a,,    which  may  therefore  be  interchanged,   giving  the  re- 
quired result. 

10.  Put  a  —  b  =  x,  b  -c  =  y,  and    .'.    a  —  c  =  x+y  ',  then  we  have 
to  show  (x>/-x!/-y*-x*-xy)*=x2ij*  + 

i.e.,  (x2+xi/-\-y2)*  =&c.,  then  see  Ex.  4. 

11.  ±a-  +  l//-x3+^csx2+±>>*x2-'2abx 

+  ±bcx2  -  2b>tx2  —cdx-  . 

12.  Put   x  =  b  —  c,    y  =  c  —  a,    and    .'.     x-\-y  =  b  —  a=  -z,    since 
x+y+z  =  0.      Then  x*+y*+z*  =(b-c)*  +(c  -  a)*±(a  -  i)* 

=  ,  by  Ex.  6,  2(a-6)2(6-c)2  +  2(6-c)2(f-a)8+2(c-a)2(a-6)3 
•V  +  '/^+z2*2):    but  (x*-ij2)2  +  &c.,  =  2(x*±y*+z*)- 
2(-c2i/2+y22--l-23-c2)  =  ;c4  +  //4+24>  by  substituting  from  the  first 
result. 

13.  The  given   expression   reduces   to   2(a262  +  63c2  +  c3a3) 

),  which  by  Ex.  2,  gives  the  result. 
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Exercise  vii.,  pagTlS. 

1.  (a»-b*)*\  2.^4+7/4;  8.  a* 

4.  x*-y*  ;          5.  a;2  ;  6.  16a;3  ;         7.  0. 

8.  {2«»  +(8fi»  -4c2)}  {2^2  _  (362_4o3)} 
=  4«4  _  97,4  _  I6e«  +24i*c». 

9.  {b  +  (2a-  3,-)}  {b-  (la-  3c)}  =  &3  -  9r3  -  4«« 
{  -  3c  +  (2/i  -  6)}  {  _3c  -  (2a-6)}  =  9c3  -  4rt2 

10.  xs  -e/8.  11.  a;84-a;V+l/S' 

12.  Expression  =  («  +  6)  2  —  (a&  -f  I)2  =a*  -«»/>»  4  i2  -  1. 

13.  First  two  factors  are  (/^+t-a  -«2)(/>2  +  c3-f  a2) 


by  given  condition. 
The  second  pair  of  factors  gives  {«2-f-(&2  —  c2)}  X 

|«2  _  (/,2  _  C2)|  =  a4  _  (^2  _..  C8)8  _  a4  _  (64^_C4  _  2/>8C»)  =  2i2C3  by 

the  given  condition  ;    /.    result  is  263c2  x2i2c-  = 

14.  x^^  +  ^x^2. 

15.  {a;*  +  8aj»  +  l  -(2«3+2aj)}  X  {aj*+8*«  4-  • 
=  a;8  +  2zG  -f  3a;4  +  2.r2  +  1. 

16.  4'<4a;2-4«4a;//+a4(/2_rt2a;4_2rt2a;3,/  +  2^5  +  2rtj,-4y-a;fi. 

17.  Apply  formula   [4]  and  result  is  at  once  obtained. 

18.  Using  formula  [4]  the  sum  of  the  quantities  whose  squares 
are    given,  =a-  +b2  -\-c2+ab-\-bc-\-ca-i-a2+ab  +  ac  —  be  =(a-\-c)2 

2.     And  the  difference  of  the  quantities  =  a3  +1>2  +c~-\-ab 
a2-nb  —  fic  +  bc  =  (b+c)z\    .-.product   is    {(«  +  r)2  + 
x  (6  +  0)2  =  (a  +  c)3(6+c)8  +(«•  +  &)«(/>  +  tr)2  =  &c. 

19.  By  formula    [4]  expression  =  2(«fc  +  erf)  +  a2  +b^-c-  -d9 
multiplied  by  2(<i6  -f-«/)-«2  -  i2  +  c3  +  r/2.     The  /•«/•////•!•  factor  = 

The  /^//t<?r  factor 
),    .-. 

20.  By   formula    [2]    the  first  factor  is  (x  —  y+z)2,  and  the 
second  is  (x  —  y  —  z)  2  ;    .'.    their  product  is  {(x  — 
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21.  Xs  -ys.  22.  ^-- 

23.  Expression  =  (m+p  +  n+q}{m+p-( 

=&c. 


2i.  First  pair  of  factors  gives  (x*  +x  -I)(z3+.r  +  1)  =x* 
.r-  -  1.    The  second  pair  gives  (1+x2—  x){l  —  (x2  —  x)\  =1  -  a;4 
2.<-s  —x2.     The  only  term  exactly  the  same  in  these  two  results 
is  2.<-3,  we  have  .'. 

+^4  +X2  _.  i)  1  2x3  -  (z4  +*2  -  1)}  -  2j-3  +x*  +  2xe  -xs-l. 

25.  Expression  =  (z4  +  .r2//2  +//4)  2  -  (x2i/2)-  =  by  formula    [4] 


x3^2)2.     See  Ex.  4. 

Exercise  viii.,  page  16. 
-  2x  -  12  ;  z2  +^2  -  2.o/+  P«  -  8yz  f  15za. 
2.  a;4  +  12x3  +  49a;2+78a:+40;  see  Ex.  2; 


8.  rts  +  R'(6-10rt4-104rt3  4-105;  xs  +  2xG  -  x-  —  2. 

4.  ^4  +  5x3^s  -12.v2v/3  +  5^?/3+?/4. 

«8         v2         2a:         2?/ 

5.  ^"-2x-"     ,,2-16«-63;  —  +  3      4.  :  .  +  -2 

?2  -- 


6. 
7. 

8.  x*n  f  2x3n+x2"ll  —  a-b) 

9.  -] 


4 

11.  First  and  third  factors  give  (a;  —  2)2  -2  =  jc3  -4a;4-2  ;  the 
second  and  fourth  give  (x  —  2)2  -3  =  a-2  -4x-fl,  and  (x2-r4.jc+2) 
4x+  1)  =  (x*  -4x)2  +  3(x3  -ix)  +2 


12.  (x  +  b  +  a)(x  +  b-i,)  =  (x  +  b)2  -a*  ;  and 

(z-H>)2  -  c2  ;  product  of  these  =  (x+  fe)4  -  (a*  -f-c2  )(#+  &)24-rt3c2. 
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13.  Expression  =  (a  -f  fe)  2  +  (a-f  b)  (c+d]  +  cd 


14.  Apply  the  formula.  Or  by  symmetry  as  in  Ex.  7,  pa»e  36. 
Type-terms  are  a2  and  ab  ;  we  see  that  there  is  no  aa  and  9a& 
.-.  &c. 

Exercise  ix.,  page  17. 


2.  96(a2+62+fli2);  6(27a2-27«&  +  762)  3. 
4.  8«3.       5.  8x3.       6.  8^3       7.  a3.       8.  27a3.     9. 

12.  8(a;2+)/2)3.    14.  (a3  +63)(a;3+^3).    15.  0.         16.  0. 

HINTS  AND    SOLUTIONS. 
1  and  2.     See  example  1. 

3.  =(x  +  y-z+z}3.     See  Ex.  2. 

4.  Sum  of  the  two  cubes  is  (Ex.  1.)  2rt(a»  +  3ft»),    .'.    &c. 

5.  Last  term  may  be  written  +3(as  —  y}(x+y)z     .'.    expression 


6.  Expn.=  {(l+a;+ic2)-(l-a;-}-a;2)}3-(2a;)3.      See  Ex.  3. 

7.  Expn.  =  (a-&-c+/>  +  r)3.     See  Ex.  2. 

8.  Expn.=  {(3^-4//+5z) 

9.  By  formula  [6]  this  is 

10.  First  term  of  given  expression  is  r<4  —  6«3/;  +  12«2/Ja  — 
in  this  write  -a  for  ft  and  6  for  a,  and  2nd  term  is  ft4  — 
126«os  -8i«3,  :.  difference  is«4  -i4  -6al(n*  - 


—  ia  -b)(a+  6)3.     O/',  expand  bota  sides  oi  identity. 

11.  See  last  solution. 

12.  By  formula   [6]    this=  { 


CHAPTEB    OHE. 

18.  Treating  left-hand  member  as  in  10  above,  there  results 

',  or 


=  (a*+b*)2+I±a3b*(a6+bG)+±9a6b6  which,  formula  [1] 


14.  Expand  the  first  cube  by  formula  [6],  and  last  term  of  given 
xpression  cancels  out,    .'.  &c. 


15.  From  the  given  condition  c=  -(a  +  h)  •  substituting  this 
alue  of  c  in  the  given  expression,  it  becomes  a3  +  b3  -(a+6)3 

3ab(a+b)  =  (a+b)3-(a+b}3,  by  formula  [6]. 

16.  As  in  last  solution  ;  y-  =x8  -f-22,  substitute  in  given  expres- 
ion  this  value  of  y2,  &c. 

Exercise  x.,  page  19. 


-  174z5  +219x6  - 
-64z9. 

2.  -(^9  +  18^8+27a;7+29^e-24a;s-36^4+5a;3  -3a:2-2.) 
5.  0.       6.  45.ee  +  1682a:V-432j;Vz3.      7.  (ajc+by+en)*. 

HINTS  AND    SOLUTIONS. 

1  .  Cube  first  two  by  [7]  ;  last  prob.  may  be  treated  as  a  bino- 
mial, and  cubed  by  formula  [6]  ;  or  see  Ex.  4,  p.  36. 

3.  Equating  the  right-hand  members  of  formulas  [8]  and  [9] 
the  identity  is  at  once  derived. 

4.  See  hint  on  Q.  14,  Ex.  9 

5.  By  formula  [8]  the  first  four  terms  of  the  given  expression 
is  seen  to  be  (x  —  2y  +  y—  2z-\-z  —  *2x)3  =  —  (x+y+z)3,  hence,  &c. 

6.  By  actual  expansion.     But  more  easily  by  symmetry,  as  in 
Ex.  7,  'p.  36. 

7.  By  formula  [8]  the  given  expression  is  seen  to  be 

—  ax)  3  =  &c. 
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8.  Cubing  by  formula  [6] ,  expression  becomes 
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y      +X    -7/ 

+  3x>/2(x+y)5\  ;  now  the  quantity  in  the  last  brackets 


3;  and  (»s-?/3)3=(a._;y)3( 

9.  From  formula  [9]  (a+fc+c)8  -32a2/>  =  a3-f  &3 
Add  18«6c  to  both  sides,  and  this  becomes 


c,     .e., 
=  -8{«.(6-c)3  +  ......  +  ...}-24a6c  ........................  (1) 

From  same  formula,  by  transposing, 

-l-b2+c*  -ab-bc-ca 


Multiply  both  sides  of  this  identity  by  8,  then 


Add  this  to  (1)  and  the  identity  is  found. 

10.  This  is  derived  at  once  by  putting  x+y+fz  =  0  in  formula 

[9]. 

11.  The   condition   is   x  —  2y—  3g  =  0;    and   result   follows  by 
writing  in  formula  [9]  —  2y  for  y,  and  —  3z  for  y. 

12.  This  is  same  as  last  two  :  expression  is  divisible  by 
(xS+xy+y^  +  ^-ry+y'^  +  Zzi,  i.e.,  by  2(«2+y2+22),  &o. 

13.  In  formula  [8]  write  a-\-b  for  x,  b+c  for  y,  and  c  +  a  for 
z.,  and  the  identity  at  once  appears. 

14.  Cube  by  formula  [6],  and  note  that  last  term  in  right-hand 
member  may  be  written  -8abxy(ax  —  by). 

15.  See  Ex.  9  solved  above. 
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16.  Equate  the  two  right-hand  members  of  formulas    [8]  and 
[9],  and  in  the  result  (see  prob.  3  above)  write  a+b  —  c  for  x, 
b  +  c  —  a  for  y,  and  c  +  a  —  b  for  z. 

17.  See  solution  of  Ex.  10  above. 

18.  From  15  above  (solved  in  9)  we  have,  by  multiplying  by  2 
abtracting  6«6b  from  both  sides, 

-;;+c)3-51'tta  =  2(a3+&34_c3_3afc)_j_6{a(&-c)2+...  +  ...} 
Or  substtuting  for  2(a3+£3  +c3  —  Babe)  its  value  from  15  above, 
-by2  +  (b-c)*+(c-a)2\(a  +  b+c)  +  6{a(b-c)*-\-b(c-a)* 
+t\u  —  b)-^  =  ,  by  addition,  the  required  result. 

19.  In  problem  3  of  this  exercise  (derived  as  in  16)  put  2a  —  b 
for  x,  26  —  c  for  y,  and  2c—  a  for  z,  and  the  identity  appears  at 
once. 

20.  From  the  last  given  relation  2xyz  =  2abc  ;  add  this  to  the 
three  other  given  relations,  then 

x*(y+z}  +  y*(z+z)+z*(.c+y)  +  2x;/z  =  2abc. 
But  b^T  equating  the  right-hand  members  of  formulas  [7]  and 
[8],  we  see   at  once  that  the  /<?/f-hand  member  of  the  above 


NOTE.—  The  above  identities  can  be  proved  as   in  Art.  XXVI. 
Exercise   xi.  page  21. 


+  - 


2.  The  signs  will  be  alternately  positive  and  negative. 

3.  a5  —  5a*b+lQa3b*-10a2bS  +  5ab*-b5  ;    a*  -8a3&-f  24o-</- 
3'2ab*+lGb*  ;  same  as  last,  terms  in  inverse  order. 

4. 
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5.  120.     6.  z8-4x 


.     7. 

8.  Given  expression  =  5x*y  +  10x3y2-\-5x*y3-{-5xy6 

=  5xy{x3+y3+2xy(x+y)}=5xy(x+y)(x2-xy+y*+2xy) 

9.  Multiply  identity  in  8  by  2,  then 


In  this  identity  put  a  —  z  for  x,  c  —  b  for  y  ,  and  therefore  a  —  b  for 
,  then 


-{-•••}•     See  examples  page  18. 

Exercise  xii. 


ANSWEKS. 


2. 
3. 


4. 
5. 

6.  l-ia:2-|a;4. 

7.  6a?12-4a;9-5a;8-2a;7+9a;e-10a;5+a;4-5a;3-f5a;24.T-f  4. 

8.  a;3  +  9a;2  +  10a;+ll.         9.  a;4  +  3a;3.  10.  z4-&e8. 

11.  a;4+8a;.3-8a;.      12.  (1),  -  1  j  (2),  -1;  (3),  -4.      13.   -1. 

HINTS  AND  SOLUTIONS. 

Nos.  1  —  11  are  intended  as  simple  exercises  in  Horner's  mul- 
tiplication, but  the  student  who  has  read  the  first  three  Chapters 
will  notice  short  methods  of  solving  several  of  them. 
1.  Omit  x3  from  the  second  member 


Now  add  the  omitted  (1+a+z2  +  x3-t-.r4)a;3. 


[The  above  is  the  solution  of  the  problem  as  it  appears  in  the 
Hand-Book  ;  a  misprint,  however,  occurred,  the  problem  should 
hnve  been  (1  +  x+x*  +  xs  +x*)(l  -x-+x3-x7  -fa;8  —xl  -  -f  ^  3) 
of  which  the  product  is  l+x+z3+x*-\-x'1'1. 

2.  (l+x*)(l+x+x2_+x3+x*){l-x*(I-x)}  = 

l+x+x2+x3+x^-rx&+xK  -|-a;7-fa:8+a;9-x5(l-x10). 

1  (corrected)  and  2  a-e  particular  cases  of  the  general  theorem 
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4.   {(a;3  -  16x)  +  (5x*  -  1)}  {(xs  -  16x)  -  (5x2  -  1)}  = 
(ap»-l&c)8—  (£B»—  1)*. 

6.  !/(!+«)  =  l-f^c-it:s+&o. 

.'.    V(l—  a;)  =  l—  |a;—  Ja;2—  &c.,  (by  writing  —  x  for  .r), 

and   ^(1  —  x2)  =  l  —  \x-  —  |a;4  —  &c.,          (by  writing—  x3  for  x). 
12.  Arranging  the  terms  of  the  sum  in  order 


or,  «16+z)5+x14-H  .........  +x3+x+l=0.  (a) 

Multiply  both  members  by  x  arid  add  1  to  each  product. 


(6)-  («)..-.  J-17  =1 

.-.  xl8=x,  a-19=a:2,  a;20=a;3,  &c.  (c) 

The  product  of  the  first  pair  of  factors  is 


-i-.r24+a.25+a;28. 

Similarly  the  other  products  may  be  found.  Instead  of  writing 
the  two  lines  as  above,  the  student  will  find  it  convenient  to  write 
only  the  latter  line  ;  this  may  be  done  by  subtracting  17  at  once 
from  any  index  that  rises  above  that  number.  Detached  coeffi- 
cients should  also  be  used. 

13.  Arranging  the  terms  of  the  sum, 

+ -hc2+a:-r-l=0. 
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Multiply  both  members  by  x  and  adcf  1  to  ench  product 


.'.    2I3  =  1,  JC1*  =X,  X15  =X2,  X16  =X3,  &C. 

Multiply  the  given  factors,  subtracting  13  from  any  index  greater- 
than  that  number,  the  product  is 

5(z  +  x*+x3  +  .........  +xll+xl-)  +  ixl3  =  -5+4=  -1. 

The  following  are  other  examples  of  this  class  of  problem-..    la  | 
each  case  the  sum  of  the  factors  is  assumed  to  be  equal  to  —  1. 

1.   (x  +  x*)(x-+xs)=  -1. 

2. 

3. 

4.  (x+x*  +x*  +x*+x*)(x2  +x«  +x7  +a;8+a;1  °)  =  3. 

5.  (x+x3  +x*  +x»  +  xl  °  +xl-)(x?  +x5  +XG  +x7  +xs 
-3. 

6. 
(a;4  +xe  +x*+xl  °  +X1  3  +xl  5)  =  7. 

7.  (x+x*+x$+x^+x7+x»+xll+x">+x17) 

(x-  +x-  +x3  +xl  °  +xl  •  +xl  3  +xl  4-r-a;1  5  +xl  8)  =  5. 

Exercise  xiii. 

I.  3a;3-2z2-4a:+2.  2. 
3.  «4  +  2a3+3a2-|-4a  +  5.  4. 

5.  a3+3a*x  +  3ax"-+xs.  6.  4»2  +8.c+7  ;    - 

7.  10a;3-f5a;2+l;  lOx+10.         8.  z2- 
9.  x2-«3.  10.  a;4  +  (l-«)a;3-|-(i 

II.  3x3+2x'J+x  +  li;  3.i(^  +  l).     12. 
13.  6^5-x4-x3+«2-^  +  6;  -1.  14 

15.  rt+6.  16.  x+y+2.  17.  10x3;  10(a;*-20). 

18.  mx3  +  nx2Jt-a.  19.   l  +  .c  —  5;x3  -  3^3 

20.  33.  21.    -4.  22.    -20. 

23.  15y4.  24.  85o;-l-8.  25.  755. 
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HINTS  AN~D    SOLUTIONS. 

The  whole  of  this  exercise  should  be  worked  by  Homer's 
methods. 

1.  Work  like  example  5,  page,  27,  also  as  follows :  Multiply 
both  divisor  and  dividend  by  -1  arid  arrange  in  ascending 
powers  c>f  x. 

\  2       -10  6         17       -5       -6 


6       -12       -6          9 
4        -8       -4 


6 


2         -4          --2 
2.   {(5x5(x+I)+xr>+l}  *(JE 
*<*+!). 
3  is  merely  a  variation  of  2. 


3. 


7. 

1  10 

5 

-90 

44 

10 

1 

9  I 

90 

45 

0 

9 

!  10 

5 

u 

i; 

10 

10. 

Xs  —  ?/6 

x3  +  y3 

3 

. 

x+y     '  * 

x+y  • 

"a 

9.  ( 

a;_rt)4(:c  +  a 

)    *( 

x+a)(x  -a)3  = 

(a;  -a) 

(x+a) 

=  JL 

10. 

l^-^,- 

ix(xz 

-l)  +  bx2(x-l 

z+1) 

+  bx*. 

11. 

i    •"-         i 

6 

1 

7           6 

1        / 

6 

5 

-1 

-3 

-2       -1 

-H 

-1 

-3       -2 

-i 

-H 

2 

3 

2 

1         i£; 

3J 

3^ 

• 

12. 

60 

91 

0 

-91 

60 

13 

65 

169 

156 

-5 

-25 

-65 

-60 

12 

5 

13 

12. 

This  is  a  particular  case  of  {(m2  —  nz}x2  +  (m2  +  n3)r//-f-2wH^3  ]• 


(n*+2mn—  J»8)(wi8+n8)a;y(xa  -y3),  a  formula  which  the  student 
may  verily.    In  the  case  in  the  Hand-Book,  m  =  '6,  n  =  2. 
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14. 


Work  also  in  ascending  powers  of  x, 
15. 


6 

-1 

2 

-2 

2 

19 

6 

-4 

-8 

12 

-16 

20 

-24 

-  1 

-2 

3 

-4 

5 

-ft 

3 

2 

-3 

4 

-5 

0 

1    -.2            0 

2 

-1 

3 

3            3 

—  3 

-3 

-3 

1 

1 

1 

1       1 

16. 

{(X  +  y)+z}**{(x  +  y 

)+z}3- 

18. 

{  wi(ke4  +  «c3  )  +  Kta'H 

.  Qyyt  \  _[- 

a(6x+c) 

19.  Factor  the  divisor  first. 


4(2  +  13o;  -  36a;3)  = 
i(4-13x2+6o;3)  = 
.-.  quotient=i(2+a;-6a;2)2. 
23.   {(8s)4-(2y)*+15y4}-{(te) 

Exercise  xiv.,  page  31. 

All  these  are  done  as  in  Exs,  1  and  2,  Art.  VIII. 

1.  t/3-2y2-4?/-9,  ify  =  x-3. 

2.  2/s+3y/  +  5,  if  y  =  x+l. 

3.  y4  +  81,  if  y=aj-2. 

4.  ^4+4(/3-43?ya+92?/-67,  ify  =  x+Z. 

5.  3i/«-|-3a?/4  +  119//8  +  238»/24-249//  +  106,  if  y  =  as-2. 

6.    *-y*- 
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7.  y»-yy 

8.  (x  -  2y3) 

9.  (x-y^- 
10. 

11.  512^-Sy  -AV  if  y  =  ^-rV 

12.  ^4_ 
Sol.  of  9. 


—  18//2(a:  — 2?/)  —  24Z/3. 
—  ;/)3  —  20^/3(.£— </)-  -  10y4(x—  y). 


?. 
1 

1 

-5 

0 

-4 

0 
-4 

5 
—  4 

-1 

+  1 

1 
1 

1 

-4 

+  1 

-  4 
-3 

—4 

-7 

-11  ' 

0 

1 

-3 

-  7 
-2 

-ii; 

-  9 

10 

1 
1 

1 

-2 
+  1 

-   9; 
-   1 

-20 

1 

-i; 

-10 

i; 

0. 

CHAPTER  II. 


Exercise  xv.,  page  33. 

2c+ac2+b2c  +  bc*;  (a-b)*  +(b  -  c)*  +(c  -a)3 
—  a)+c(a  —  b)  ;  ab(x  —  c)  +  bc(x  —  a)  +  ac(x—  b)  ; 


2.  abc+bcd+cda+dab;  a* 


+  (a-c)  +  (b-d)  ;  a2(«- 
8.  Write  a  for  6  and  b  for  a,  and  there  results 
(x+b)(b+a)(a-t-x)+bax,  which  is  identical  with  given  expu. 

4.  Interchange  a  and  b,  then  (b+a)*  +  (b  —  a)2,  which  is  iden- 
tical with  the  given  expn.,  it  being  remembered  that  (b  —  a)2  = 
(a  —  b)  2  ;  interchange  a  and  —  b,  then  (a  —  b)  2  +  (  —  b  —  a)  2  = 
(a+&)8+(rt-&)»,  /.  &c. 

5.  This  is  at  once  evident. 

6.  Change  a  into  b,  b  into  c,  and  c  into  a,  then 

62(c—  a)  —  c2(6  —  «)  —  as(c  —  b),  which  may  be  put  in  the  form 
a2(Z>  —  c)—  ba(a  —  c)  —  c-(b-a),  the  given  expn. 

7.  Given  expn.  =  (a2+&2)(c2-J-d3),  and  the  symmetry  is  evi- 
dent. 

8.  Interchange  a;  and  ?/,  the  expression  plainly  is  unaltered- 

9.  Interchanging  x  and  y  there  results 


which  is  identical  with  given  expn. 
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10.  Interchange  a  and  b,  then  6(H-2a)8-M("  +  2'')8'  which  is 
ientical;  interchange  «  and  —  b,  then 


?hich  is  identical  with  the  given  expn. 

11.  Observe  that  the  quantity  within  the  square  brackets  is  the 
Difference  of  two  squares,  and  by  formula  [4] ; 

The  first  factor  is 


The  second  factor  is 


:.  the  whole  expn.  =a/>  x  2(a+c)(b+c)  x  ±c(a+b) 


yhich  is  plainlv  symmetrical  with  respect  to  a,  b,  c. 
12.  In  the  given  expression 


Now  interchanging  ab,  be,  ca,  there  results 

62c2  +c2as  +«262  +  -2(bc.ab4-bc.ca-\-ab.ac)  =  &c. 


13.  oj  and  y.         14.  «a;  and  %  ;  a;,  y,  and  z. 

15.  /'  and  h,         16.  aj  and  y,  also  a;  and  —2,  and  y  and  —  z. 

17.  With  respect  to  a,  b,  and  —  c  ;  i.e.,  a  may  be  changed  into 
b,  b  into  —  c,  and  —  c  into  a. 

18.  Symmetrical  with  respect  x2,  —  ?/3,  and  z2.  t'.e.,  we  may 
change  x  2   into    -^2,    -</2  into  z2,   andz2   into  a;3;  this  gives 

x*  +z6-  ye  -3(z2+z2)(-z2+z/3)(-  ^2 


which  is  identical  with  given  expression.     Or,  by  [8],  expn.  = 


19.  6  and  c.  20.  a  and  c.  21.  a  and  b. 

22    ««,  2o6.  23.  a*b,  nbc.  24.  a26,  aAc. 

25    x5,  a;42/,  a;3//2       Same.    x*y,  x3y2  ; 

26.  Not  symmetrical,  .-.  none.  Same.    27.  x*,x3y,  tfy*,  x*yz. 
28.  a*,  a»6,  a*6c,  a6cd.     a*,a868.          29.  a3,  a2i. 
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Exercise  xvi.,  page  37. 

).  2.   8(a«+/^  +  ^2)  +  2(rt&4.&e-f  ra). 

3.    4(rt2+624-r24-d2).  4> 

5.  4(j?»+y»+«»  +  n»).  6. 

7.   U(x2+y*+z2)  +  2(xy  +  yz+zx).  8. 

9,  2a6c(a  +  6  +  c).  10. 

HINTS  AND  SOLUTIONS. 

1.  Type-terms  a2,  a6  ;  former  occurs  in  each  of  the  four  terms; 
2ab  occurs  ID  first  and  second,  —  "lab  in  third  and  fourth,    .'.  &c. 

2.  Type-terms  as  last,  a2   in  each  term  ;   —  2<z6   in  first  and 
second  terms,  +%ab  in  last,  result  —  2a&,  .-.  &c. 

3.  Type-terms  a2,  ab  ;  a2  in  each  term,  '2<ib  in  first  and  third, 

—  2afe  in  second  and  fourth,  .-.  term  a6  vanishes,  &c. 

4.  Type-terms  a2,   a/>;  a2  in  first  and  second  terms,   2a6  in 
first,  —aft  in  second  and  third,  .•.  ab  vanishes,  &c. 

5.  Type-terms  x2,  xy ;  xz  in  each  term,  2xy  in  first  and  last, 

—  %xy  in  second  and  fourth,  .-.  xy  vanishes,  &c. 

6.  Type-terms  a3,  a2b,  abc;  a3  in    first,    second    and   fourth, 

—  a3  in  third,  .-.  2a3  ;  3a2b  in  first  three  terms,  —3a2!>  in  last, 
.-.  6«2fe;  6abc  in  first,  and  —  6abc  in  each  of  the  other  three,  .*. 

—  12a6c,  &c. 

7.  Symmetrical  in  a;,  y,  z :  x-,  x>j  type-terms  ;  x*  in  first  term, 
9x*  in  second,  and  4z2  in  third,  .-.  14aj2  ;  -  4of«/  in  first,  -  Gxy  ii 
second,  and  +12xy  in  third,  .-.  result  is  2xy,  &c. 

8.  Symmetrical   in  ma,  «6,   re;     type-terms   ws/f3,   m2u9nb, 
abcmnr;  wisa3  in  first  and  last,  and  —  ms«3  in  second  and  fourth, 

/.  this  term  vanishes  ;  8mza9nb  in  first  and  last,  and  —  3w2r/3w/> 
in  second  and  third,  .•.  tliis  term  vanishes  ;  Qabcmnr  in  each  of 
the  four  terms,  .-.  &c. 

9.  Type-terms  are  a3 be,  ab3  ;    ab3  in  first,  —ab3  in  second,  .•. 
this  term  vanishes  ;  a2 be  in  first  and  second,  .-.  2a26c,  &c. 

10.  Type-terms  are  a862,  a36c  ;  2a26c-  in  first  term,  —  2 
second,  .'.  this  vanishes;  a262  in  first  term,  .-.  &c. 
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11.  Type-terms  are  a2x8,  abxy  ;  a2x2  occurs  twice,  and 
occurs  twice,  .-.  '2(a-  +b*  -i-c3)a:2,  and  4(o6  +  6(.--|-faj2</,  and  the 
same  for  y2,  z3,  and  yz,  zx,  .'.  <ic. 

12.  Type-terms  are  a4,  a36,  «2/>3,  a36c  ;  these  are  obtained  by 
taking  terms  of  the  expansion  ;  thus 


o4  iu  each  term  ;  4a36  in  first  and  last  terms,  —  4</36  in  second 
and  fourth,  .•  this  term  vanishes;  6«263  in  each  of  the  terms  = 
24«262  .  i'2,(2ijC  occurs  in  first  two  terms,  and  —  12a26c  in  last 
two,  .-.  this  term  vanishes  ;  hence  result. 

13. 


Hence  the  type-terms  are  a4,  4a36,  6a362,  12a6c,  ic. 

14.     (Va)4=(rt 


The  first  of  these  powers  gives  the  type-terms  found  in  last 
Ex.,  and  the  second  gives  the  only  other  possible  type-term, 
abed,  with  coefficient  24  ;  .-.  &c. 


=  2  2  a*P  +  6  v  «3^j,.  _  i-j.,  -  . 

-l  - 


Now  add,  and  the  given  expression 


•' 

A  shorter  solution  is  as  follows  : 
By  formula  [9]  we  prove  at  once 


(See  Exercise  X.,  q.  15).     Now  the  given  expn.  is  same  form  as 
left-hand  member  of  this  expn.  ;  for  it  is 

)3  +(a6+  ic+ca)3  -  3(a2 
-  <i6  -  k'-caj8  +  0  + 
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In  the  same  way,  Ex.  9,  page  37,  may  be  neatly  done. 

16.  {(a-b)(b  —  c)}2  =  (ab  -b2-ca+bc)2,   and   similar  expns. 
for  the  other  two  tei-ms;  then  proceeding  as  in  other  cases  in  the 
exercise,  the  result  is  2//,44-32a262  -2£a/>3  =  (2<t2  -I,ab)2.     Or, 
add  to  given  expn.,  2(a  -  b)(b  —  c)(c  —  a)(ii  -  b+b-c.+c  -  a)  [which 
=  0]  and  the  result  is  the  square  required.     (See  Ex.  2,  page  13. 
Also  see  Ex.  6,  p.  18.) 

17.  This  may  be  deduced  from  last  by  putting  a  —  b  for  a,  b  —  e 
for  b,  and  (c—  a)  for  c. 

18.  Terms  in  a2r*x2,  c*s2y2  vanish;  also  terms  in 

abrsxz,     bcrsu2  )        .  , 

A      2      A       o  r  vanish,  and  there  remains 
aoxsr*,     ocxys2  \ 


.—  b2  (ry  +  sx)  2  =  ac(sx  —  ry)  a  —  b2  (sx  -  ry)  3  =  &c. 

19.  a  and  b  can  be  interchanged,  and  also  c  and  d  in  left-hand 
mjjuber;  we  have  a2c8,    .-.  also  b2c2,  and  .•.  azdz  and  62c?2,  &c.; 
then  this  is  shown  =  right-hand  member.  . 

20.  l£  the  left-hand  side  a  may  be  written  for  b  and  product 
remains  of,  the  same  form  ;  also  interchanging  a  and  b  and  also 
c  and  d,  the  product  will  remain  the  same  if  a  minus  sign  be 
placed  before  the  second  term. 

21.  Left-hand  member  is  6^ 


Type-terms  in  right-hand  member  are  t»4,  4wsx,  w2x*  ;  »r4  is 
found  in  6  terms  =  6w;  4w3a;  in  first,  and  —  4w3aj  in  second, 
.-.  this  term  vanishes;  6«>2a;2  in  second,  .-.  this  term  vanishes; 
6w>2;e2  in  first  and  6w2x-  in  second  =  12w2a;2,  .-.  right-hand  mem- 
ber =  6S»'4-f-122(t;2.T2  =  left-hand  member. 

22.  Type-terms  in  left-hand  member  are  a5,  a*!>,  as62,  azbc, 
a2b-c;  a5'  in  first  and  second,  —a6  in  third  and  fourth,  =0; 
5a4/>  first  and  third,  —  5a*b  in  second  and  fourth  =  0;  10a362  in 
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first  and  second,  -10a3b*  in  third  and  fourth  =  0  ;  2a*bc  in  all 
the  terms.  .-.  resnlt=  £(892i3&e}  =  16rt&c(a2+J»2+c2).  Similarly 
first  facto i-  of  right-hand  member  may  be  proved  =  8abc,  and  the 
second  =  2(a2-}-&2  +c2),  .-.  &c.  The  problem  may  be  more  easily 
solved  as  m  Ex.  4,  p.  43. 

Exercise  xvii.,  page  40. 

1.  115.         2.  p<i*-3<]<i*+3ra-s.         3.  2.         4.   -17-3538. 
5.  1,  2(3«»  +  l).  6.  0  or  2y,  2y",  0.  7.  36. 

8.    _(&2+,,2)S_(3&2)3.  9     _ 

11.  a»oV-rft)-  12.  0. 

13.  2a*-3ab(a-b);<rf>3+6ab(a+b); 

HINTS  AND   SOLUTIONS. 

1.  Find  remainder  by  Horner's  division. 

2.  Write  a  for  x  in  given  expression. 

8.  Find  remainder  bv  Horner's  division. 


4. 


11 


10     -20     -10  --89         -8-9  J-20 

11  9.9        21-89       -25-058       -37-3538 


.    10      1      --9     -   1-99    -2-278     -  3-3958;     -17-3538 

Observe  that  the  zero  coefficients  in  the  dividend  need  not  be 
inserted  if  the  zero  coefficients  of  divisor  be  not  considered. 

5.  (-l+l)8-(-l)5  =  l ;  writing  -2  for  x,  we  have  (a+l)s 
-(a-l)3=&c. 

6.  I  —  v)n+y*  =  0  or  2»/*  as  n  is  odd  or  even  ;  (— y)2"+y3" 

-•";     (_j,)*-+l+y«-+ls=0. 

8.  Expn.  =  (x3-«2)3+(a;a-263)3,m  which  write -ft2  for  x2. 

9.  In  the  first  pair  of  factors  write   —  2rt2  for  a;2  and  we  get 
(ax-a*)(  -ax-a^)=  -a*x*  +a*  =  8a*  (by  substituting  for  x9). 

lu  the  second  pair  of  factors  x2  +  2a2  may  be  at  once  struck 
out,  giving  -(—  3ax)x3ax  =  9a-xa  =  —  18a4  (by  substituting  for 
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10.  Divisor  =0  gives  9a2+462  =  12rt&,  whence  81a*+16/;4  = 
T2n2b2  ;  substituting  these  values  in  given  expression  we  have 
18rt&x6rt&x36a262_3888a4&4  =  768i8.  But  observe  that  this 
is  the  remainder  on  dividing  by  Sa—  2&.  To  get  the  true  re- 
mainder on  dividing  by  9«2  —  12«i+4&3,  we  must  divide  the  given 
expression  (  =  6561a8  +  1296a4&4+256&8),  we  may  use  Homer's 
division,  thus : 


+  12 
—  4 


9 


6561         000       1296         0        0         0         256 


729,  972,  972,  864,      864,    768,  640;  4608  -2304 


where  the  coefficients  of  quotient  are  all  positive,  and  the  remainder 
is  4608rt&7  —  230468.  If  in  this  remainder  we  substitute  the 
value  of  3a  (  =  26)  we  get  76S68,  the  rem.  on  dividing  by  3a  —  26. 

11.  Put  a  +  b  for  x  ;  .%  aa\u+b-a)*+b*(a  +  b—b)*  =  &c. 

12.  Given  expression  (cubing  by  formula  [6]  ) 

=  (as  +  bs)(xs+y3),  of  which  one  factor  is  exactly  divisible 
by  a-\-b,  and  the  other  by  x-\-y. 

13.  Put  a  -b  for  x,  then  (a-b)s+a^  +  b3  -3«b(a-b) 


=  2a3  —  3ab(a  -  b)  ;  in  second  case  put  —  (a  —  b)  for  x, 
.-.    -  (a  -  6)s+«s  +i»  +  8rt6(a  -  6)  =  263  -f  G^(a  -  6). 
Or,  interchange  a  and  6  in  the  first  result  ;  in  the  third  case  put 
a  +  b  fora,    .'.  (a  +  b)*+a3  +  b*-3ab(a+b)  =  2(a3+b3). 

14.  Let  the  polyuome   be  axn+bxn~l-\-  ......  +hx+k;   to  find 

remainder  put  1  for  x,  result  is  a-J-6-f-  ......  +h-\-k. 

Exercise  xviii.,  page  41. 

1.  Dividend  =  x2n+l  -(  —  y)  2n+l  which  is  divisible  by  x  -(-  y)  ; 
dividend  =a;2n  —  (—  ?/)2",  and  divisor  =  x—  (  —  y),  •'•  by  the  Cor.,  &c. 

2.  Dividend  =  (a;4)  3  —  (  —  i/4)3,  and  divisor  =  x*  —  (—  ?/)4; 
dividend  =  (x6)6  —  (  —  y6)5,  and  divisor  =  a;6  -  (  —  y)6  ; 
dividend  =  (^lo)3-(-y  10)3,      divisor  =  xl9~(-y)l°  ; 
dividend  =  (x2)15  -(-y3)16,  and  divisor  =  x?  -  (-y3). 
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8.  Dividend  =  (ax  +  by)*  —  (-la  —ay}5,  divisor 

=  ax+by  —  (-bx-ay).   .-.  by  Cor.,  &c. 

4.  Divisor  =  ax  -{-by  +  cz  -  (bx-\-cy-)-nz),   :.  &c. 

5.  Expression  is  divisible  by  ~2y  -x  —  ('2x  —  y)  =  3(y—x). 

6.  Dividend  =  (2//-.c)  *  "+1  —  (tj  -'2x)'2n^1,  which  is  divisible  by 


I.  Expression    is   divisible  by  my  —  nx  —  (mx-ny)  =  (m-\-n)y-\- 
(m  +  n}x  = 

8 

{  —  (x  —  y)2}3,  which  is  divisible  by  (x+y)-  —  {-  (x—y)2} 
=  '2(x2+y2). 

9.  Dividend=  (x2-\-xy+y*)3  —  (—x-  -\-xy  —  >/2)3,  which  is  divi- 
sible by  x*+xy  +  y*-(-x*+xy-y*)  =  2(x'1+it3). 

10    Dividend  =  {(a  +-  ft)3}  3  _  |(a  -6)3}3,  which  is  divisible  by 
(a  +  6)3_(a_6)3  =  •2/,(3,,->  +/>2  ». 

II.  Dividend  =  txi+Mx+b*)1  -(-  x*+bx-  b*)1  ,    which   i« 
divisible    by  x2  +5bx  +  6'2  -  (-a;2 


1±  Dividend={(«+6)2}2l'+1-{-(a-6)2}i!"+1,whichisdivi- 
sible  by  (a+A)»-{  -  (a-  5)3}  =  2(a-'+62). 

13.  Dividend=  {x3+3xy(x-y)-y3}3 
—  {  —x3+9xi/(x  —  y)  +  >/3}3,  which   is  divisible  by  x3  -{-Bxy(x  —  y) 


14.  By  Ex.  14,  Exercise  XVII.,  the  remainder  =  3  -  5  +  4  -  2 
=  0. 


15.  Let  the  polynome  be  ax*  +  b.v*-l-\-  ......  +hx+Jf. 

Then  a+l>  +  ......  +  h  +k  =  0  ;  subtract,  term  by  term, 

.'.  a(^*-l)+6(x-7l-1-l)  +  ......  h(x-l),  which  is  exactly  divisible 

by  x  —  I. 

16.  Let  the  polynome  be  aaf-f  bx"-1+cxn~*+  ......  +hx+k.     If 

this  be  divisible  by  x  4-1,  it  must  vanish  for  x=  —  1,  i.e., 


if  n  is  even  we  have    :.  a  —  b+c—  ...... 

i.e.,  a-\-c+  ......  -i-k  =  b  +  &c.,  and  similarly  when  n  is  odd. 
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Exercise  xix  ,  page  43. 

1.  Put  «  =  0  in  the  expn.  and  it  becomes  — 

b3//3  =  0  ;  .-.  it  is  divisible  by  a,  and  .-.  by  b  (by  symmetry)  ;  put 
ic  =  0,  expn.  becomes  —  b3y3  —  a3  y3  -\-a3y3  i-63//3  =0,  .-.  a;  is  a 
factor,  &c.  ;  .-.  by  symmetry  //  is  a  factor.  Again,  put  —b  for  a, 
.-.  (-bx-by)s  +  (bx+by)s  +  0  =  Q;  .-.  a+Sisafactor.  Lastly,  put 
x  =  y  ;  .'.  (ay  —  by)3  +(by  —  a?/)3+0  =  0,  .•.  x  -y  is  a  factor. 

2.  Substitute  ax  for  6,  .-.  ax3  —  (a-  +  ax)x-  +  a2x*  =  0. 

3.  Sabstitute  —  y  for  x,    •'•(l>y  —  «y)2— 


-y*  -yz)  -0. 

4.  Putting  y  =  2ax  in  given  expression,  it  becomes  Qasx— 
20«2z2  -  6«3aj  +  4cra!*  -(-  20a2a;2  =  0. 

6.  Dividend  =  x-  (x*+y)+y'*(xG-\-y),w'hichis  divisible  by  x6  +y. 

7.  Dividend  =  a  2(c  -  d)  +  6ab(c  -  d)  +969  (c  -.d)  = 

'6b)2  which,  &c. 

11   \  5         I     11   \  5 


(11 
12 


9.  Put  b  for  a,  then  6(6  +  26) 3- 6(6+ 26) 3  =  0  ;  also  put  -b  for 
a,  then  —  b(— 6  +  26)3  —6(6  —  26) 3  =  —  6(6) 3  —  6(  —  6)3  =0. 

10.  Put  6  for  «,  expression  vanishes,  /.  a  — 6  is  a  divisor;  put 
-a  fora;,  &c.     Or,  dividend  =  a3(av-  2«6  +  62)-|-:e3(a2  -2ab+b2) 
=  (a3+a33)(a  — 6)2,  which  vanishes  when  a—b  does,    and  also 
when  a-\-x  does. 

1 1 .  Put  a  =  b  in  the  expression,  then  6(6  -  c) 3  +  b(c—  V) s  -f-  "(b  —b) 9 
=  6(6— c)3  — 6(6  — c)3  =  0,  :.  a  —  b  is   divisor,    and  by  symmetry 
6  —  c,  c  —  a  are  divisors. 

12.  Put  a  =  6,  the 

—  63(6  —  c)  =  0,  .'.  a  —  6  is  a  divisor,  and  by  symmetry  b  —  c,c  —  a 
are  divisors. 

13.  Put  6  for  «,  then  6*(6 -c)+6*(c-6)+c4(6- 6)  =  &*(&- c)  — 
64(6  — c)  =  0,    /.  a  — 6,  6— c,  c  — a  are  divisors. 
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14.  Put  a  =  b,  then  Q+(b-c)*(d-b)3 -(d-b)*(b-c)*=0,  and 
30  for  the  other  divisors.  t 

15.  Dividend  is  symmetrical  with  respect  to  a,  b,  and  c ;  put  6 
for  a,  then  \(b  —  c)-  +  (c  —  b)2 H(^~~ c)~b--}-(c 


b2{(b  -  c)8-h(c  —  6)2}2=0;  /.  a  —  6  is  a  divisor,  and  by  symmetry 
b—  c,  c  —  a,  also  &c. 

16.  Put  —z  for  x  +  y,  —  a;fory+2,  —  y  for  s-fz,  and  expn.  be- 
comes— xyz+xyz  which  =  0. 

17.  Substitute  —  afori+c,  —  b  for  c-f-a,  and  —  cfoi   a+b,    :. 
—  <iic(a  —  6)  —  «6c(6  —  c)  —  «6c(c  —  a)  =  -  abc(a  —  6+6  —  c+c  —  a)  =  0. 

18.  Square  the  trinomial  and  reduce,  .-.  —  2abc(b  —  c+a),  &c. 

19.  For  a  +  '2b  put  3c,  for  26  -3c  put  -a,  and  for  3c-a  put  2fe 
then  27c3-rt3_8i34-a3  +  86s-27c3=0. 

20.  For  aft  substitute  —  (bc  +  ca),  then 


Or  expression  is  of  the  form  x3+y*+z3  —3xyz,  which  is  divisible 
by  z+y+z. 

Exercise  xx.,  page  45. 

1.  3.  2.  1.         3.    -l;£2i/-2.     4.  2.       5.     36.     6.  11. 

7.    -U£.    8.    -2.     9.  3.  10.  3.     11.   -9.  12.  42. 

13.  p=  -q,  q  =  G.  14.  p=  -46,  q  =  U. 

HINTS  AND    SOLUTIONS. 

1.  Find  remainder  as  in  Ex.  1  on  dividing  by  x-  —  z  +  1. 

2.  Find  remainder  on  dividing  by  x-  —  2x—  1. 

8.  On  dividing  by  x\  —  2.Z+3,  as  in  Ex.  1,  remainder  is  lound 
to  be  -2a;  +  l;but(a;-l)2  =  -2)  .-.  x-l  =  ±|/(-2)  and 
a;=l+  \/(  —  2),  substitute  in  remainder. 

4.  Dividend  is3a;6  +  lla;5  +  10a;3+7xJ+2^+3,  divisor  x3  -t-3x9 
—  2jc+5  ;  remainder  is  2. 
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6 

9 

0 

-16 

-5 

-12 

-6 

60 

-1 

-   2 

-3 

+  6. 

-M 

+  8 

+  12 

-24 

3 

2 

8 

0 

-   6; 

0 

0 

0 

36 

remembering  to  "  skip  "  two  places  on  account  of  the  two  zero 
coefficients  of  the  divisor. 


4-52 
-44 

+  87 


+  8c 
-88 
~  8c  -  88, 


6.  1         +13         +26 
-11  -11         -22 

"1         +~2        +4 

which  remainder  must  =  0,  .-.  c  =  ll. 

7.  Since  3a;+7  =  0,  .-.  x=  — £  substitute  this  value  of  a;  in  the 
term  2cx  (as  in  second  method,  page  45),  and  multiply  (as  on 
mge  28)  to  avoid  fractions,  thus 


1 

-2 

-9 

+0 

14C 
"     3 

14 

1 

3 

9 

27 

81 

81 

1 

-6 

g 

0 

378c       - 

1134 

-7 

1 

-13 

+  10 

-70; 

-376c 

644 

which  remainder  =  0,  .•.  c=  —  1£ 

9 

8. 

1     -4 

-1 

+  16 

+  6c: 

Divide  by 

xa  -a;  -6, 

+  1 

1 

-3 

2 

+6 

6 

-18 

12 

1     -3 

+2; 

0 

6c+12     .-.  c=  - 

1. 

9. 

2       0 

-10 

4e 

6; 

divide  by  x2  —  3x+S, 

+3 

6 

18 

6 

-3 

-  6 

-18 

-  6 

6 


4c    -12 


10.  2a  =  5,  .-.  x  =  4  and  liar  =  274  ;  also  -7cx2  =  —  43fc;  then 
substituting  for  —  lex2  and  lla;.  the  dividend  becomes  2100 
—  43|o-(-37^,  the  multiplying  to  avoid  fractions,  as  in  7  above, 
this  becomes 


100       -700c 
10       60     300         1500 


600 


2       12       6U     300;         700c     -210J,  .-.  c  =  3. 
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11.  From  the  given  condition,  ex-  =  2io:  -  7|<%  .'.  dividend  be- 
comes 400  (110+2ic)  —  7£c  — 105;  and  multiplying  as  in 
last  example. 

400     (880+ 20c)     -120c       -1680 
4-5           20     100            -100 
-30 -120  -600  .  +  600 

"    4     20    -20;  180+20e,  -T20c-1080,    .-.  r=  -9. 

Sae  page  28.  Or  omitting  c.  as  suggested  in  second  method, 
page  45: — 


6 

4 

0 

0 

880 

-1680 

-30 

20 

100 

-100 

+  600 

-120 

-600 

20- 


-1080 


20;         180, 

in  which  remainder  we  have  to  insert  8x2^c  with  180,  and 
—  16  x  l^c  with  —1080,  getting  the  same  results  as  before. 

12.  z2=3x-4,  .-.  x3  =  3.r2-4^  =  9a;-12-4ar  =  5a:-12,  .-.ox3 
=  5cx  —  12c  ;  so   —  5xa  =  lox  —  20  ;  substituting  values  in  the  divi- 
dend it  becomes 
3 


+  3 
-4 


-16  0          0 

9     _21     -99 

-12     +28 


5c-129     -12c  +220 
-213 

+  132  +284 


3-7     -33     -71;     5c— 210,     -12c  +  504  .-.<•  =  42. 
xs  =  3a;-3,  .-.  lOx*  =  30a;-30,  substituting  this  value  in 


1 

2 
3 

0 
15 

-CH-30) 

36 

9+30 

-   3 

-15 

-36 

18. 

dividend  we  get 

+3 

-8_( 

5  12;  -J0-9,         q-Q 

14.  The  divisor  is  a4  — 5a2+ 7,  and  "skipping"  for  the  zero 
coefficients  in  dividend  and  divisor,  the  work  will  stand  : 
1      -5         10       -15         29      -p  q 


+5 

-7 


15 


40 


-  7 


-21 


-56 


8;     40-p,?-56 
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Exercise  xxi..  page  51 

ANSWERS. 

1.  J=-3,  c  =  8|,  r/=-24.     2.  ^=-20j, 

8.  6=  -8,  c=-10.  4.  a  =  3,  b  =  Q,  c=  -57. 

5.  a=-2,  c  =  24£,  e  =  0.         6.  c=-106i,  d  = 

7.  a  =  200,  ft  =-810,  c  =  639. 

8.  a  =  4,  c=  —  27,  rf  =  7,  e  =  30.  9.  399. 

10.  z3-(p  +  8) 

11.  »s-(/?-8) 

12.  rx3-(3r- 

13.  a^- 

15.  a;3  — 

16.  r«3- 

33.   -1.         34.  1.         35.   .-1.         36.  1.         37.   -1. 
38.  a  +  b+c+d.  39.  a+6-fc+d.  40.   -16. 

42.  Let  a  and  c  be  the  lengths  of  the  parallel  sides,  and  h  and 
be  the  lengths  of  the  diagonals,  the  square  of  the  area 


43.  Let  a,  b,  c  and  d  be  the  lengths  of  the  sides,  the  required 
polynome  will  be 


HINTS  AND    SOLUTIONS. 
2.  «4  +  ra2  +  rfz-H  =  (a;-H)(a;+3)(a;-4i)(z  +  r).     Equate  the 


coefficients  of  a;3,  .'.  0=  — 1£-}-3—  4-J-f-r,  .•.  r  =  3.  For  r  sub- 
stitute this  value  and  expand.  (The  factor  x-\-r  must  be  intro- 
duced into  the  right-hand  member  to  raise  it  to  the  same  dimen- 
sions as  the  left-hand  member.  In  the  whole  of  this  Exercise  the 
sign  =  must  be  understood  as  the  symbol  of  identity.) 

3.  x3  +bx-  +re+24  =  (j;-2)(a;  +  8)(a;-r).     Equating  terms  in- 
dependent of  x,  24  =  6r,  .-.  r  =  4. 
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4.  ax*+$x*+cx+90=a(x-3)(x-t-&)(x-Z);     .:  90  =  30a; 


5.  ax*+cx*-30x±e=a(x-n)(x+4:}(x-2$)(x+r).    Terms  in 
.-.  0=  -H+4-2i  +  r  .-.  r  =  0. 


=  a(-H)(4)(-2i)r  =  0:    -30=a(- 
.  a=-2. 

6. 
0=  - 


7.  flx*+6a?8-|-fii!*-81  =  a(*—  |X«.—  1)(*—  3)(aH-r).     Terms  in 


Also  81  =  |  .  |  .  3  .  TV     .'•  a  =  200. 
8. 


=  8ia     .-.  a  =  4. 

9.  az3 


.•.  r  =  4. 


10.  /.  x—  l=a  or  6  or  c. 


-1 


1  —  p-l       q+p  +  1;        —r  —  q-p  —  l. 

1  n         9   • 

1* 


11.  .•.  ar-fl  =a  or  6  or  c 


12.   .-.  ^  -  •  =  a  or  6  or  <*, 

1  ""•  'X 


—  (*-!)»  tlais  becomes  r(z- 
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-1 


r 

q 

P 

1 

r 

q-r 

p-q+r; 

1—p+j  —  r. 

r 

q-2r', 

p—  %+3r 

r; 

q-3r 

r 

We  have  solved  this  problem  at  length  from  the  data  and  by 
the  methods  used  in  the  preceding  problems,  but  the  work  might 
have  been  much  shortened  by  taking  for  granted  the  following 
theorems  which  the  student  should  note : 

If  x3  —px2  +qx—r  vanish  for  x  =  a,  or  b  or  c 

x*+px2-±-qx-}-rvri\.l  vanish  for  x=  —a,  or  —b  or  —  e 

and  rxs  —  qx2  +px  —  1  will  vanish  for  x  =   —  or  -«-  or  — . 

W  w  v 

Therefore  rx3-4-qx2  +px+l  will  vanish  for  x= or  — -, 

a  b 

1 
or . 

c 

Combining  this  with  the  solution  of  No.  10,  we  get  at  once  the 
solution  given  above. 

T  V  7"  X 

13.   .-.  x=  —  or  —  or-r-;or —   =   — or  -r-  or  — 
s         a         b  r  a         o          c 


X\S  /  X      2  /  X  \         , 

...  r    —      _ g-   —      +P\-~I  ~    ' 
\r I        *  \r I        '  \rl 

or  x3—  qx2 -\-prx  —  r2. 


14.    .'.   i/x  =  a  or  b  or  c       or  \/x  =  —n  or  —b  or  —c 

.-.  (x-\-q)-\/x—  (px  +  r)  or  (x+q)  Vx+(px+r) 
.'.  the  required  polynome  =  {(x+q)i/x-  (px+r)\  x 


(q*  -  2pr)x—r2  . 


O  O 
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fca,  r  =  abc. 

r 
a 

x~1  _      J_  J_or_  — -. 

See  note  to  No.  12, 


above. 


x+l       1          1 
r 

p  (I  0  C 


17.  (*—  !)>»-«  -*- 

t.  of  {(*3  -•!<•+! 
l  a  -  x6  +  '•  '  -  .'• 


Also  (x—  l)12-xe+(o:2-x+l)3  vanishes  for  *  = 

ani  /.  =  Mnlt.  (as-l). 
But  xz  -x+l  does  not  vanish  for  x  =  l, 

and  .-.  it  is  not  a  Mult,  (x—l) 


18.  (x-l)ie-xs  =  (r2  -  2..-+1)8  -x8 
=  Mult.     x*-2x  +  l)-x\  &c. 


19.  (j;-2)10(2x-5)10-x     =     .r 

=  Mult.  \(2x3-9x+lQ)-x}  or  2(x2- 
...  (j;_2)10(2a;—  5)10  -z10  +  2lo(z2  -4*  +  5)5 
=  Mult.(x»-4.r  +  5). 


Also,  2l°(^2 

=  Mult.{4(a;2  -±x  +  5)-x3}  or  Si'2  -  lG.c  +  20,  which 
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.-.  2»°(a;-4a:-f  5)5-z10=Mult.  (as-  2) 

.-.  (x-2)lo(2x-5)lo-xlo+2lo(x-4:x+5)s  =  Malt,  (a;  -2). 

[Instead  of  the  part  from  Also,  we  might  have  proceeded  by 
enquiring  whether  the  expression  would  vanish  for  x—  2=0  or 
1x  —  5  =  0,  the  factors  of  the  first  term  successively  equated  to 
zero.] 

x9  —  4#-}-5  and  #  —  2  are  prime  to  each  other,  .•.  since  each 
measures  the  given  expression,  their  product  will  do  so  or 
(x  -2)10(2a;-5)10  -x10  +  2(a;2  -4a+5)5 
=  Mult.(aj-2)(a;a—  4*+5)  or  ^  _o^2  -j-iae_  10. 

20.  (x*+4:X+S)i*-xia 

=  Mult.{(z2+4a;+3)+:»}  or 


The  factors  of  *3+4*-}-3  are  x+1  and*+3.     Trying  these 
we  find 

x1  *  +x2  +5*+3  =  0  if  x+1  =  0, 
...  (Z9+4Z+8)1 8  -x1 8 -x2  -5*-3  =  Mult.(*-|-l)(*34-5*-i-3). 

=  Mult.  {(9* -4) (a;-!)- x}  or  9*2  _14aj+4. 
.-.  (9*-4)2i(*-l)2i  -*21-(9.c2_14.B+4)3i 

=  Mult.  (9*2-14*+4). 
Also  x2 '  +(9*2  _  14* +  4)  21 

=  Mult.  {*+(9*2-14aj+4)}  or  (9z-4)(a?-l) 


«=Mult.  (9a;-4)(aj-l). 
Again(9a;-4)(a;-l)21-(9a;2-14a;+4)21 

=  Mult.  {(9a;-4)(aj—  l)-(9a;s  -14^+4)}  or  a; 
.-.  (9a;-4)3i(a;-l)21-a;21-(9a;2  -14^4.4)21  =Mult.a> 
.-.  (9*  -  4)2  '(x-  l)2i  _a;2i_  (9*2-14*  +  4)  ai 
t.a:(x  -  l)(9*-4)(9aj»  -  Ux  +4). 
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22. 


or  -  (2*»  -  Sx  +  2)  ; 


=  Mult.  {6 
{6(3-  1)} 

-Mult.  {6(z-l)+(2*3  _3a;  +  2)}  0r2a;2+3aj-4; 
(2x*-f  3.C-4)1  3  -  (2.t-2  -  33+2)1  3  = 
Mult.  {(2*3-j-3.c-4)  -  (2*3  -33+2)}  or  6(3-!)  ; 
•.  given  polynome  =  Mult,  of  6(3-  1)(233+33-4)(233  -33+2) 

23.  As  in  22,  1st  and  2nd  taken  together  are  found  to  be 
inlt.  of  3rd  ;  2nd  and  4rd  taken  together  are  found  to  be  a  mult. 

1st.  ;  and  3rd  and  1st  are  found  to  be  mult,  of  2nd. 

24.  (23*+33-4)'«-{6(3-l)}1« 

=  Mult.  {(2*3+3*  -4)  -6(a;-l)}  or(233-3a:-f2) 
(2*2  _3z+2)1  6  -  {Q(x-  1)}18 
=  Mult,  {(L^3-3j;+2)  +  6(3-!)}  or  (2z2+3z-4) 
and  the  given  polynome  vanishes  if  x  —  1  =  0,  .-.  &c. 

[Problems  17  to  25  are  merely  cases  of  the  following  simple 
theorems 

(u-f.p)8»+1  -Ma»+i  -t?3«+i  =Mnlt.  t«j(M+r)  ; 

(u  —  v)3n-iia't-r**+2umv**-m  =Mult.  uv(u-v.)] 
2G.  If  x*+x+l  =0,  (See  Example  10,  p.  49,  Hand-Book). 


=0  if  x2 


27. 


=  0,  .*.  xlo+x5i/5+ylo  = 


if  32 
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28.  If  x4-fa;»+x3-}-a;+l  =  0  .-.  x5  =  1  .-. 
XG=X  .-.  xl*+x'J+.rG+x3  +  l=x2+ 

29.  By  last  exercise  ;  x1  e  =x,  x1  2  =x2,  x6  =  x3  and 

l=0  if 


30.  If  x3+x2i/+xy*+ys  =  0  .-.  a;4  =  y*  .-.  a;13=j;3^H) 
xloy5  =x2y}  3,  xsylo=xyl4: 

.-.    x15  +xl  °y!i+x5ylo  +  i/l5  =  (x3  +x*y+xy*  +y*)y1*  =  0. 

31.  May  be  written  x17  —  x'2+x*+x3+x2-\-x+l 

=  Mult.  (a;4+a;3+a;2+a;  +  l).      x17  -x2  =x2(xlB  -1) 
.  =Mult.  («5  -  1)  =  Mult.  (x*+x*+x2+x+l). 
32. 


=  Mult.  («G+ 

[31  and  32  may  also  be  solved  by  the  method  employed  above 
to  solve  Nos.  26  to  30.  See  also  the  note  to  the  solution  of  Prob. 
2,  page  13.  Probs.  26  to  32  may  also  be  solved  by  the  methods 
illustrated  in  Art.  XII.  of  the  Hand-Book.  The  solutions  of  28 
and  29  by  the  second  of  these  methods  will  be 

28     *l2+a;9+-g6+a;3+1         !xl5-l)(x-l) 
xt+xs  +  xt+x+l       ~~    (tf5-l)(a3-l) 

-l)-a;(a;s-l)}    _    (xl*  -l)(xe  -I) 


(xl5-l)(xs-l)x 
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88—87  and  40.  If  b  —  c  =  0,  these  polynomes  vanish,  hence 
they  are  multiples  of  b  —  c,  and  .'.  by  symmetry,  of  D.  But  they 
are  only  of  the  same  dimensions  as  D,  viz.,  6,  .'.  they  are  numer- 
ical multiples  of  D.  The  numerical  multipliers  may  be  deter- 
mined, as  is  done  in  Ex.  9,  page  48,  Hand-Book,  by  assuming 
particular  values  for  the  letters,  or  it  may  be  determined  by  div- 
iding the  terms  involving  a*bzc  in  the  several  polynomes  by 
—  a3b*c,  which  is  the  term  in  D  involving  these  letters  to  these 
powers.  Thus  in  33  put  d==0  (since  d  is  not  involved  in  «362c) 
and  we  obtain  at  once  +a3b2c-\-&c  ;  and  +a362c-:  —  a3b*c=  —  1. 

38.  This  polynome  is  symmetrical  with  respect  to  all  the  letters 
it  involves,  and  it  vanishes  if  b  —  c  =  0,  hence  it  either  vanishes 
identically  or  it  is  a  numerical  multiple  of  (a-{-b-{-c+  </)D,  for  a 
numerical  multiple  of  (a  +  6+  c+rf)  is  the  only  linear  symmetri- 
cal function  of  a,  b,  c  and  d  ,  and  the  polynome  is  but  one  degree 
higher  than  D.     Assume  values  of  a,  b,  c,  d  that  will  not  make 
(a  +b-\-c  -{-:))  D  vanish,  and  the  numerical  multiplier  will  be  found 
to  be  1.     Or  divide  the  term  involving  a*bzd  in  the  polynome  by 
the  corresponding  term  in  (a±ls+c+d)D. 

39.  The  above  solution  of  38  will  apply,  word  for  word,  to  39. 

41.  The  sum  of  the  fractions  —  ,    —  ,    —  .  ......  _  increased 

123  n 

by  the  sum  of  their  products  two  by  two,  increased  &c. 

=  ('  +  T)  (l  +  T)  ('  +  T)  ......  (l  +  1)  -  1  which 


42."  The  area  will  vanish  if  the  parallel  sides  lie  in  the  same 
straight  line,  in  which  case  h+k—  a—  c  =  0,  or  a-f-c+A  —  k,  or 
a+c  —  h+k=0.  The  area  will  also  vanish  if  the  diagonals  (and 
consequently  the  sides)  vanish  simultaneously,  i.e.,  if  h+k+a+c 
=  0.  Hence  the  area,  and  therefore  its  square  or  any  other  power, 
will  involve  h+k-\-a  +  c,  h+k  —  a  —  c,  a+c+h  —  k,  u+c  —  h+k  as 
factors.  But  it  is  given  that  the  square  of  the  area  is  a  polynome 
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of  four  dimensions,  hence  it  can  only  be  a  numerical  multiple  of 
these  four  factors.  Write  s2  for  the  square  of  the  area  and  m  for 
a  numerical  constant 


To  determine  m,  let  c  =  0  in  which  case  the  trapezium  becomes 
a  triangle  with  sides  a,  h,  k  and  by  Ex.  6,  p.  47,  Hand-Book. 


Or  m  may  be  determined  by  taking  as  a  particular  case  a 
rectangle  with  adjacent  sides  of  lengths  3  and  4,  in  which  case 
a  =  c  =  4,  h=k  =  5,  and  s  =  12,  from  which  it  will  be  found  m  =  ^}e. 

[The  formula  for  the  area  of  any  quadrilateral  is 


in  which  s  is  the  area,  h  and  k  the  lengths  of  the  diagonals  and 
a,  b,  c,  d  the  lengths  of  the  sides  taken  in  order.  This  formula 
is  due  to  Gauss.] 

43.  The  only  way  in  which  the  area  of  a  quadrilateral  inscribed 
in  a  circle  can  vanish  is  by  three  of  the  sides  becoming  equal  to 
the  fourth,  i.e., 

a-J-i+c  —  rf  =  0,  or  b  +  c  +  d  —  a  =  0,  or  d-\-a-{-l>  —  c  =  0. 
If  all  the  sides  vanish  simultaneously,  it  will  be  found  to  be  only 
a  particular  case  if  one  of  these  four,  or  rather  of  all  of  them 
simultaneously. 


To  determine  m  tnke   the  case  of  the  square  .•.  a  =  b  =  c  =  tl, 
*,•.  a4  =  »?2a.2a.2a.2«. 

Exercise  xxii.,  page  58. 

1.  Transfer  the  right-hand  member  and  the  resulting  polynome 
on  the  left  vanishes  for  x  =  0  or  +b  or  —  b,  i.e.,  for  three  different 
values  although  it  involves  only  the  second  power  of  x,  hence  it 
vanishes  identically. 
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2  and  8  may  be  proved  in  like  manner.  In  No.  3  divide 
through  by  z3  and  replace  z  by  c  ;  the  formula  will  then  be  seen 
to  be  symmetrical  with  respect  to  a,  b  ana  c. 

L  These  theorems  are  merely  cases  of 

(x—  a)(y  —  a](z  —a) 
.,  w  -  r  - 
(o  —  a)(c  —  u) 

(x  —  a)(y  —  a) 


(b-a)(c-a) 


-4-  two  similar 
+    "         " 


a  —  o—c, 


=1,  and 


=0 


/ 
(b  —  a)(c  -a)(d  —a) 

[respectively.  They  may  be  proved  like  Example  1.,  Page  53 
JHaud-Book,  or  by  the  method  applied  to  Probs.  8-25,  Exercise 
[rxiii.  For  the  general  theorem  see  the  solutions  of  those  prob- 

[lems.] 

4.  Change  the  signs  of  a,  b,  c,  in  Example  1.,  page  53,  Hand- 
iBook. 

5.  Holds  for  «  =  0,  or  -b  or  -c  or  —  (b  +  c)  .-.  &c.     Or  thus 


(b+c)bc(b-a)+(c+a)ca(c-a)+(-i+b)ab(a-b)  A. 

|Uso  Q  =  abe(b-c)+          bca(c-a)+         c  ab(a—b)  B. 

len  A+B  gives,  &c. 

6.  Treat  as  a  polynome  in  a.     This  identity  is  a  case  of 
a-\-x 


three  similar  terms  =  0. 


7. 


ad 


8.  See  Prob.  2,  Exercise  V. 


,  by  [8] 


40  CHAPTEE    TWO. 

9.  See  Prob.  9,  Exercise  XI.     Or  thus 
If  23-f  xy+y^  =0     xs  =  y3  and  x  (x+y)  =  —  y2 
.'.  x5(x+>j}5  =  —  yln  =  —  x9y  .v.  (x  -f  y)  5  =  —  x 
.•.  (x+y)5  —  x5  =  —  x*y  —  x5  -x3//-  =  —x*( 


.'.  x--\-xy-{-y2  is  a  factor  of  (x-}-y)6  -xs—ys. 
Also  (x-}-//)5  —x5—y5  =  Q  if  x  =  Q  or  y  =  0  or 


Determining  k  it  will  be  found  =  5. 

Substitute  a  —  b  for  x,  b-  c  for  y,  and  .-.  —  (c  —  a)  for  x+y 


10.  The  left-hand  side  vanishes  for  x  =  0,  or  y  =  0,  or  z  =  0,  a 
it  is  of  but  three  dimensions,  .  •.  it  =  kxyz.     k  may  now  be  det 
mined.     Or,  transfer  the  left-hand  member,  and  the  result: 
polynome  on  the  left  will  vanish  for  x  =  0,  or  y  —  z,  or  —  y-\-z, 
—  y—z,  i.e.,  for  four  values,  hence  it  vanishes  identically. 

11.  By  Ex.  2,  p.  18,  Hand-Book, 


and.-.  (aa- 


12.  x*(y+z)2+xi/z(y+z)=x(y+z)(xy-\-i/z+zx) 
=y(z+x)(xy+yz-tzx) 


.'.  by  addition,  &c. 

Exercise  xxiii.,  page  57. 

ANSWERS. 

1.  6fe*  +  15c4.  2.  6.  3.  8. 

4.  -  {4(6  +  0  +  d)  +  B(a+c  +  d)  +  C(a  +  b 

5.  0.  6.  5/>4-30«&3-|-30a262-5a3k          8.  0.  9. 


CHAPTER    TWO.  41 

.0.  0.         11.  1.  12.  a+b  +  c+d.  13.    - 1. 

.4.  a+b+c+d.      15.  (a+b+c)(a2+b*+c*+ab+bc+ca)+abc. 

17.  a  +  b  +  c+d).  18.  (a+b  +  c+d)*. 

19.  (a  +  b  +  c+d){(a+b+c+d)2-(ab+bc+cd+ac+btl+ad)}  + 
kd. 

20.  a  +  6+c.  21.  3.  22.    -1. 
23.  0.                               24.  0.  25.  0. 

26.   1  +  ^-^2+^3.  27.  l-ix-lx*-&x*. 

HINTS  AND  SOLUTIONS. 

7.  Let  (l  +  ax+bx2+cx3+&c.)(l-ax+bx*  -cx3+&c.)  = 

1+Ax+Bx2  +  Cx3+Dx*+Ex5  +&c. 
Change  x  into  —  x. 


.'.  1  +  Ax+B.r*  +  Cx3  +&c.  =  1  - 


Now  this  is  to  hold  for  any  value  whatsoever  that  may  be  given 
>x;  .-.4  =  0,  C=0,  D=0,  &c. 


8.  Asstfme 


BCD 


Multiply  by  (z  —  fl)  (a;  -  b)  (x  —  c)(x-  d) 

.-.  I  =  (A+B+C+D)x3-&c. 


Multiply  both  sides  of  (a)  by  a; -a  and  in  the  result  put  x  —  a 

•'*     (a  —  b)(a  -  c)(a—d)  = 
.».  by  symmetry,  &c. 
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X  A 

9.  Assume  /  -  r/  -  TW  --  TT  -  ,T  =  --  4-<£c. 

(«-«)(«—  A)  (x-  c)(x-d)     x-a^ 

10.  Example  1,  page  55,  Hand-Book. 

_  x*  A 

11.  Assume  7  -  Y?  -  rr/  -  TT  -  -jr  =  --  4-  (fee. 

(x—  a)(x  —  b)(x  —  c)(x  —  d)     x  —  a 

x^  A 

12.  Assume  7  --  TT  —  —  j^  =  x  ---  +&c. 

(x-a)(x  —  b)(x—  c)(x  —  d)  JB-«. 


=  a+b+c+d-A-B-C-D 


1  J 

13.  Assume  ,  -  r?  -  rr/  —  —  K?  ---  \=  —  -f&c. 

(x  —  a)(x—  b)(x-c)(x—  d)(x  -c)     a:  —  a 


Also  A=  _         —  _  ._,    £  =  &o. 

(a  —  b)(a  —  c)(a  —  d)(a  —  e) 


~ 


"  (a  —  b}(a  —  c)(a  —  d)(a —  e) 
Let  e  =  0,  and  multiply  by  abed  • 

bed 
• 4-  -4-1=0 

,,       *  ZA/  \/  /7\      ^^      .«•-.....      "7~     x  —  v/j 

Or  thus:    Prove  by  the  method  employed  in  Ex.   1,  p.  58, 
Hand-Book, 


(a-  &)(*-«)(*-<*) 

Then  take  the  case  y  =  0. 

14.  -Zst  Solution.     Find  a  polynome  in  a;  that  will  become 
a(a+b)(a+c),  i(i+c)(6-{-a),  or  c(c-J-a)(c+i)  according  aaaj  =  a 
or  b  or  c. 


a)  =  $(b+a)(b+b)(b+c) 

b)  =  $(c+a)(c 
.-.  required  polynome  = 


CHAPTER    TWO.  43 

to.  («) 


x—a 


Multiply  (a)  by  a;  —  a  and  let  x  —  a. 

•'•  -  -~  =  A,  values  of  B  and  C  by  symmetry. 

(a  —  b)(a-c)  •    * 

Add  together  the  values  of  A,  B  and  C  thus  obtained  and  take 
half. 

2nd  Solution.     Assume  (x  —  a)(x—  b)(x—  c)  =  x*+px*  +  qx+r. 
.'.  p=—(a+b+c),  q  =  ab+be+ca,  r=  —  abc. 
Express  a(a  +  b)(a+c)  in  terms  of  a,  p,  q,  r. 


Substitute  x  for  a  and  use  the    resulting   polynome  for   a 
numerator. 

—  px*-r            =  A          &c 

(a;—  a)(x—  b)(x—  c)      "  x—a 


Determine  A,  B  and  C  as  before. 

[Either  of  these  solutions  is  easily  derived  from  the  other,  for 
any  multiple  of  (x~-a)(x—  &)(£—.  0  may  be  added  to  or  taken 
from  any  polynome  satisfying  the  conditions  stated  in  the  first 
solution,  and  the  resulting  polynome  will  still  satisfy  those  con- 
ditions. Now 

l(x+a)(x+b)(x+c)-±(x-a)(x-b)(x-c)=-px*-r, 
showing  how  the  second  solution  may  be  derived  from  the  first.] 

15.  aa(a-H>)(a+e)=  —  pa*—  ra2. 

—px*  —  rx*,  A 

Assume    -,  --  r/  -  rr?  -  c  =  —  px  +pa  H  --  4-  <xc. 
(x  —  a)(x-b}(x  —  c)  x  —  a^ 
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16.  o4(a+i)(«  =  c)=  —  pa6—  ra3 

—  px5  —  rx3  A 

Assume  -.  --  ^  -  TT-.  -  r=  —px2+p-x—ps-{-pq—r+  --  -f&c 
(x—  a)(x—  b)(x  —  c)  '  x—a 

.'.    —px5  —  rx3  =  —  px5  —  r#3-f-(  —  p*  +  '2i/2q  — 
—  &c. 


17,  18,  19,     a(a 


a(—pa2  —  r), 

if  (x  —  a)(x—  b)x—  c)(x  —  d)  =  x*-\-pxs-}-qx'2  +rx+s  so  that 
p=  —  (rt+6+c-f-^),  q  =  ab  +  be  +  cd-\-  da  +ac+bd 
r=  —  (abc  -\-  bed  +  cda  -\-dab),  seabed. 

—px3—rz  A 

For  17,  assume  /  -  r/  --  TTT  --  r:  -  rr=  --  +&c. 
(x—  a)(x—  b)(x—  c)(x  —  d)     x—a 

giving  A  +  B+  C+D  =  —  p, 

—px*—rx2  A 

For  18,  assume  (x_a}(x_b}(x_c}(x_d)=  -P+  £^*** 

giving  A  +B+C+D=p*, 

—  t)*r  **  —  vor  -A 

For  19,  assume  (x_a](x-b}(x-c](x_d}= 

giving  A  +  B+C-Jf-  D—  -p3J-pq—r. 


[Divide—  px5 —rx3  by  xs+px2+qx+r  and  compare  the  coeffi- 
cients of  the  powers  of  x  in  the  quotient  with  the  values  of  the 
expression  in  14-19] . 

20.  1st  Solution.     Let  (x-a)(x-b)(x-c)=x3+px*+qx+ r 
b  =  -(a-\-p)-c 

c  =  —(a+p)  —  b        ^ 


-q(a+p)+r 
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ubstitute  x  for  a  in  the  right-hand  memher  and  expand  (See 
5,  p.  47,  Hand-Book),  and  we  obtain  for  numerator 


Assume  =  __ 

(x—  a)(x-b)(x-c)  x  —  a 


.'.  A+B+C=p=  -(a+b  +  c). 
Mult,  (a)  by  x  —  a  and  then  put  x  =  a. 

-bc(b+c) 

A=  .  ---  rW—  v  B  =  &C. 
(a  —  b}(a  —  c) 

2nd  Solution.  b  +  c=  —  (a+p).     bc=  —  a(b-\-c}+q  =  a*  -\-ap-\-q. 


The  solution  now  proceeds  as  in  1st. 
3rd  Solution. 


A3sume  Ppq-r  A        _ 

(x-a)(x  —  b)(x—c)         x  —  a,    ' 

.-.  A+B 

21.  1st  Solution. 


2a+c=(a—p)  —  b 
=  a  —      -a 


Assume    ^-^!±(?'+^-(«=r)  .  X  +     A    +  &c. 
(aj-a)(a;—  6)(a;-c)  r  as—  a    ' 

Determine  ^4  +5+  (7,  and  -4,  .5,  (7.  (It  will  be  found  to  be 
necessary  to  divide  through  by  a  +  b+c,  which  was  introduced  as 
a  factor.) 

2nd  Solution.     (2<7-f-6)(2a-f  c)  =  4aa+2rt(ft  +  <  )  +6c 
=  3a2  +a(a 
=  3a3— 
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3.T;2  —  px-\-q  A 

.-.  Assume        ~^x__bx_c     =       —  + 


22.  a(b+c)  =  —  a{a  —  (a  +  b  +  c)}  =  ~a(a+p). 

—x2  —px  A  . 

Assume    .  -  -  -  -f  -  x    =    —  --  u  &c. 
(x—a}(x-b)(x-c)         x—a 

...  A+B+C=  -1. 

23.  b+c  +  d=—(a+p) 

A  —x—p  A 

Assume     -  --  --  —  --  -  -  —  =   -     -  +  &o. 
(x—  a)(x  —  b)(x  —  c)(x  —  a)         x  —  a    ' 


Or,  (a  +  6  +  c+«/)(Problein  8)  -(Problem  9). 

24.  6c+cd  +  rf6= 

ajs( 
Assume 


Or,  a 

=  a  {  a(abc  +  bed  +  cda  +  dab)  -  abed  \ 

=  a{—ra  —  s}. 

—  rx%  --s  A 

•*'  Assume  --=-- 


25. 

x*+px+q  A 


Assume 


[Probs.  8-25  are  all  included  in  the  general  theorem,  "  I 
there  are  m  quantities  hlt  h2.  h3,  .  .  .  .  hm  and  n  quantities  (nc 
two  of  which  are  equal)  at,  r/3,  «3,  .  .  .  .  aB- 
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term  independent  of  a;  in  quotient  of 

{(x-a1)(x-a2)     ....  (z-a,.)}. 

Cor.     If  m  +  l  is  less  than  n,  there  is  no  '  term  '  and  the  value 
:0;  if  m  +  l=n,  the  'term  '  =1. 

The  student  will  find  it  an  excellent  exercise  to  obtain  Probs. 
8-25  from  this  general  theorem  ;  thus  for  8  let  m  =  I  and  n  =  4, 
and  assume  hl  =a,  —  1,  al  =  a,  a2  =  b,  a3  =  c,  a4  =  ei.] 

26.  Assume  i-\-x  =(1-|- ax  +  bx2  +cx3  +&c.)2 

C)£3+&,C. 


c=0     .-.  e  = 
.-.  ^( 
30.  Assume 


+  3(a 
.-.  8a=l     .-.  a  =  ^;a3+6  =  0  .-.  & 


Exercise  xxiii.  (a),  page  61. 

ANSWERS. 


8.  9(p3_ 
»{8(p« 

-  r)(r*  -qt)  -  (pr-  t)(qr-pt)}. 


10.   -4p;  (4p)»-2(6jr);  - 


48 


CHAPTER    TWO. 


11. 


-70,  s6  =  8683;    2(«-^)4  =  4526;    2  («-&)6  =  264122. 
HINTS  AND    SOLUTIONS. 


Any  common  factor  of  U  and  V  will  be  a  factor  of  (F—  U)  —  < 
=  xa—  x+p'— p. 

.•.  x2—  x+p1  —  p  and  x2+px+q   must  have   a   C.   F.     Now 
apply  Ex.  1,  Art.  XI.,  p.  58. 

2nd  Solution.     Any  C.  F.  of  V  and  V  will  be  a  C.  F.  of 


and  V-(x-p)U=(p2+p'-q) 
.-.  if  U  and  F  have  a  C.  F. 

P+l  p-p'+q 


P2+p'-q 


or 


2.  If  expn.  =  exact  cube  it  must 


3(/2  -|-ay 
Equating  coefficients  (Theor.  IV.), 


=d  or  &/=< 
rf      c—  a6 
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8.  1st  Solution.     U=a 

R={(ax+c)V-(cx+a)U}+x  = 

(c*-a*+ab)x*+bcx*—  hex  -  (c*  -  a*  +  ab) 
(C2  -an  +ab)(x4'  - 


hex2  -r(c2  -a2  +b*)x+bc. 

Any  quadratic  C.F.  of  U  and  V  must  be  a  C.F.  of  R  and  5  or, 
(rejecting  the  factor  a;3  —  1  in  R  which  involves  a  particular  value 
of  x)  of 

(c2  -  a*  +ab)x* 
and  brxa  +  (c3- 

be 


2n<Z  Solution.  If  ma;2  +««+/>  is  a  factor  of  £/,  ^a;8  +«a:4-'»  will 
be  a  factor  of  V,  .'.  if  mx2  +nx+p  is  a  C.F.  of  ?7and  V,  m=p  and 
.-.  every  C.F.  is  of  the  form  ?nx*  +nx  +  m  which  may  be  written 


(ax*+bx+c)  -T-  (x'-  +kx+l)=ax3  —  aAve3  -f-  lower  terms. 
(c+bx+ax5)  +(I+kx-{-x*)  =  c  +  (b-ck)x+  higher  terms. 
Assume  U=(x*  +kx+l){ax3—  akx*-t-(b—  ck)x+c} 

i.e.  ax5+bx  +  c  = 
ax5-(ak*+ck-a-b)x*-(ck*+ak—bk-c)x*+bx+c. 


These  equations  must  both  hold  for  one  and  the  same  value  of 
k.  they  must  .•.  have  a  common  factor,  .-.  by  Ex.  1,  Art.  XI., 
Hand-Book, 


4.  1st  Solution.     {(ax+c)V-(cx+a)U}  +  x  = 

-abx-(c*  -a2) 


-1)  =  W. 
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Also  {ax3+c)V-(cxs+<i)V}+x*  = 

abx*  4-  (c*  -  a2  -  bc)x3  -  (c2  -  a2  -  bc}x  - 


-  «»  -  fcc)*}  (a;3  -  1)  =  W 
.•.  JF  and  W7'  can  differ  only  by  a  numerical  factor, 

c2  —  a2  ab 

,    '  '        ab      ~c2  —  «2  —  be 

2nd  Sol.      ax*+b 


+ck-a)x3  -  (ck*+ak-c)x*  +c 
:-a  =  0  and  —  (ck2+ak  —  c)  =  b 
i.e.  ck*  +ak-}-b-c  =  Q 


5. 

ax*  +  bxs  -  (akz  -bk-  a-  d)x*  -  (ak  —  dk-fyx+d 
.-.  ak*-bk-(a  +  d)  =  0 


.:  dk»-ck-(a.+d)  = 


6. 

x—  (a  —  p)+  linear  remainder. 

For  exact  division  this  i-emainder  must  vanish,  and  .•.  x  -  (a  —  f>)  j 
must  be  a  factor  of  xs+px2+qx+r,  which  will  .-.  =  0  if  in  itj 
a  -  p  be  substituted  for  x. 


Expand  by  Homer's  method, 'Hand-Book,  Art.  VIII. 
x  (linear  polynome) 
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.».  x  -f  -!L  nitist  be  a  factor  of  x'+^e'+jx+r,  which  will  .-. 
6 


7.  (. 

a;2  —  ax  -f-(a8  —  6)  -f- linear  remainder  ; 


(a2  -  b)b. 


.-.     («' 
Llso    «s 

II. 


b. 


4r       t 


.*.  jB3+3/>a;2  +3gx+r  is  divisible  by  ar  — a 
mnd  .\  has  a  C.  F.  with 
111 

y. 


—  a         x-b    ''    a;  — c         x— 


Multiply  this  by  x*. 
10.         4         12j>     I2q  4r 

-16p 

-16r  l&pr 

—  t 

Continue  the  division  to  three  more  terms. 


52 


CHAPTEE    TWO. 


11.    x-a 


=  4o;4  —  4s  jX3  +  6s2£2  —  4$sa;+#4. 

Put  a;  =  a,  =6,  =c,  =din  succession, 

.-.  (a  -6)4- 

(a  -6)* 

(a  —  c)4 


Similarly  j  (aj-a)e+(o;-&)6 


f  se. 
Put  x  =  a,  =  &„  =c,  =din  successiou  and  proceed  as  before.! 

N.B.  s0,sltsa,&o.,  are  the  coefficients  of  the  terms  taken  ii 
order  of  the  quotient  in  No.  10 ;  they  are  .-.  known  polynonw 
in  p,  q,  r  and  t. 

12.  Substituting  in  Ex.  9,  p  =  0,  6?=-H,  4r  =  l,  *= -38,  th< 
result  there  obtained  becomes 

a?n(4s3- 28a;+l) 


Dividing  as  in  Ex.  10,  omitting  the  line  for  p. 

4         0     -28         1 

14 

56                   392 

-42 

7616 

-1 

-4 

-28 

3 

38 

152 

1064 

4         0         28-3         544 

-70 

8688 

*      Now  substitute  these  values  in  expanded  and  reduced  expres- 
sions for  2  (tt  ~  fy 
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Exercise  xxiv.,  page  62. 


2. 

8.  (Sab+tor  :  4y*(8x-y)3. 

4. 

5.    a 


7.  ^2_ 

9.  (a 

10.  CBx-±y- 
11. 

12. 


U.    (i-i+c)«. 


15.  (a2—  69-c)». 

16.  a-fc 


17.  (2«2-36+4c)3. 

Solve  Ia3t  three  as  in  Example  4. 

Exercise  xxv. 

1.  (70-f2'v)(7«-2&).  2. 

8.  (9a2  -462)(9a3  -f-46»)  =  (3a+26)(3a  -  26)(9a9  -f  463) 

4.  (10*-6y)(10jr+6y).  5. 

6.  3x»-4»H8- 
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8.  (2y* 

9.  (9a2 

10.  (rt3 

11.  al6 


12. 
13. 
14. 
15. 
16. 
17. 


18.  ( 

8  -(a;2  - 


19.  (z2  -?/2+z9  -  2^)(:c3  -7/2  +  z2  +xz) 


20. 
21. 

22.  2(a2 

23.  a3  -62  4-c3  -  </2  +2rtc  -  2W)(o9  -  ?>2  4-c3 


c—  b-d)(a-b-c+d) 

x(«+i  —  c  —  </). 

24.  (x3  -?/3  -  z3  —  2?/z)(.r9  -?/2  - 
25. 


fl 
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26.  (a* 


&3)3  =(fl3 

-  +  .'/  -  +z  -  )  (x  -  +u  3  +z3  -  '2xy  -  '2;/z 
- 


30.  . 


=  (x—  y+z)(x+y  -z)(x+y+z)(z-y  -  z) 
Exercise  xxvi.,  page  67. 

1.  (*-7 

—  3)(a;-o);  (*—  7)(as-12)  ;  (x- 
-  -- 


4, 


5.  (ij 

-  -  5)(^-  +4)  =  4(4as-  5)(x+  1). 

6.  (3-2-«2)(X2_/;3)  = 

(a?—  rt 


f//-- 

8.  (a+6-8c 
+ 
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10. 


11.  Last  three  terms=  —  (2*  +  y)(*  +  2y)  /.  the  required  factor 
are   (x*  +xy+y*+2x+y)x 

12.  {ft_3(&-c)}{«+(/>- 
13. 


14.  (a;3 

15.  (a2  -  14z+40  -  30)(.»;2  -  Ux+40  -|-5) 
=  (a;2  -  14z+10)(a;2  -  14a;  +  45) 

=  (a;2  -  14aj+10)(aj-9)(a?-5). 

16.  x2 


17.  (z2- 
(a?»  - 
18. 


19.  (a?™—  a^")(«"+6ym). 

Exercise  xxvii. 

1.  (x-by)(bx-y). 

2.  (8*+6y)(2aj—  y)  = 
8. 

4. 

5.  (66»-4)(aj-20y). 

6. 

7. 

8.  (28.r- 

9.  (8as-6y)(7aj-4y).  10. 
11.                      -b     =  2Sxx-3        12. 
13. 
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14. 

15. 

1(5.  (56x-5y)(x—iy). 

11.  (8o;- 

18. 

19. 

20. 

xercse  xxv. 

1.  (5x-7)(2Lc+3).  2.  (5 

8.  (5.e-3)(2*+7).  4.  (2 

5.  (4a+l)(3«-2).  6.  (3x—  7)(4a;—  3) 

7.  (3a;  +  7)(4a;+3).  8. 

8.  (5a3_463)(3rt2  +  5&*).  9. 
10.  3y»(aj-y)(3z  +  2y).                  11. 
12.  .r2(36+x)(26-3a;).                  13. 
U. 

15. 


16.  Here  we  have  exactly  the  15th  with  x  -{-2  for  x.  .*.  the 
factors  will  be  found  by  changing  x  into  «+2  in  the  factors  of 
the  15th. 


17.  Let  z  =  (2*+3i/)  and  a  =  (3x-2y). 

It  becomes  6z2+5rtz-6a3  =  (3z-2a)(2z  +  3a) 

/.  Ans. 


18.  Making  same  substitutions  as  in  the  17th, 


-f  GQxy  - 
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19.  Let  a  =  (z2-f 

:.    6a2+13aZ/- 


20. 


Exercise  xxix.,  page  73. 

i/-z).  2.  (5a?-5y-22)(4a;+y-M)- 

3.  (8a:»-M#s+13)(38-0s-l.)4- 
5.    9a;+8//-20)(8x-y-l).        6. 

7. 


10.  (15 

11.  (2a-56-7c)(2«+86+8c). 

12.  Expression  =  (a3  -ft3-c3)3- 


HINTS  AND    SOLUTIONS. 

Most  of  these  examples  can  be  factored  by  the  method  of  Art. 
XVII  ;  but  a  few  solutions  by  the  method  of  next  article  may  be 
given. 

1.  (7aj+6y)(as-y);  (7a5+8)(»-2)  ;  (-y- 

7x+&y,   Ix+B,    Qy  +  S,    x-y,  x-z,    -ij-z.    Hence  the 
factors  are,  &c. 

8.  Factoring  the  partial  products  as  in  Art.  XVIII,  and  arrang- 
ing in  two  lines  : 
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4y2+13 

x--  y2,  *3-   1,        -*/2-    1. 

Hence  the  factors  are  3x3-j-4//-+13  and  x-—  ?/2-l. 

NOTE.  —  In  cases  where  numerical  terms  appear,  consider  these 
terms  as  involving  z°. 

5.  (9x  +  8y)(8z-y);  (9x-M)(8x—  1)  ;  (8y-20)(-*y-l),  and 
arranging  in  two  lines  as  before. 

9x+8y,         9z-20,         8y-20 

8jj—   y,         8x—    I,        —  y  —    1 
.*.  the  factors  are,  &c. 
9.  Omit  terms  involving  z,  6x*-Wy*+llx*y2  +  10y3  -I5x* 

Factoring  the  first  three  terms  we  have  3x3  -  2#2 

2^3+5^2  ;  but  the  last 

two  terms  show  that  the  third  term  of  second  factor  must  be  —  5, 
hence,  &c. 

Exercise  xxx.,  page  75. 

1.  Quantity  =  x4  +7x2  +  V  -  V  =  C*3  +  J)3  ~  V  »    whic 
the  factors  x*+lr±%v/5  ;  2x24-|±fi/5. 

2.  z2-r-^3±f?/2i/5>  as  in  last  Ex<  ' 
quantity  =  TV(36x4  +60^3.y2  +25//*  -  13^*) 

=  TV{(6a;2-r-5!/3)2-13(/4},  which  gives  tho  factors 


3.  Quantity  =  t(16**  -h40a:2+25-13),  which  gives 

;  writing  k  for  x+y,  the  quantity  = 
24,  which  factor  as  in  second  part  of  Ex.  2 
above,  and  restore  the  value  of  k  and  factors  are 


4.  ( 

5. 

6.  Multiply  by  4x3,  quantity  = 
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Second  part  derived  from  the  first  by  putting  y  =  1, 
.-.  factors  are  (6a;2  +5)(6o;2  +  11).  , 

7.  ±(5x*+10±3v/lQ);    (2a2-|-3±2l/2). 

8.  From  second  part  of  last  Ex.  we  write  at  once 

|2(a;  fv/)2+(3±21/2)z2}  ;  from  first  part 


9.  Quantity  =|(81ic4-f  126^+36)  =  i(81a;4+126a;2  +49-13) 


In  second  put  m  for  y-\-z,  and  afterwards  restore  the  values  ; 
factors  are 


10.  !(2z2+6±  A/6).     In  second  quantity 

=  }(49z*  +  280a>3  +400  -85),  which  gives  |(7a;5+20± 

11.  Quantity  =  |(16a;*  +  72a;2?/2  +  58i/4) 

=  ^(16x4+72x3i/2+81?/4-232/*),  which  gives 


12.  |{7(a-6)2+8 

13.  3xa4-(3  +  |/3)j/3}  ;  in  this  write  a+b  for  x,  a—b  for 


14. 
15. 


Exercise  xxxi.,  page  77. 


2.  ( 

3.  (^±^2^  +  1);  (x^±l/Qxi/+3^)-  l±2t/-4(/2). 

4.  (a;3± 

5.  Expn.  = 

Expn.=a;8+4a;4(/4  +y8  —  4a;4.v4,  which  gives  the  factors 


Expn.=a44-8^34-iG-4a;2  =the  factors  a;3  +4± 
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6.  Expn.  =  (2.r2  4-  v2)2  —  12j.»2f/2 


Expn.  = 
9.  mx*-ny*±o!y\'p',  expn.  =j? 


10. 

Expu. 

-  (3.c2  _2y»+ari/}(3xa  -2//2  -a^). 

11.  (i.9i|a;y-8v8);  a;2±2a;+5). 

12. 

=  (a2 


If  6  =  1  we  get  the  second  part  2(a3-{-a  +  l)2. 

13.  {(£+y)3+S(x+>j)z  +  z*}{(x+y)*-3 

14.  Espn.  =  (a  4  />)*  +7f  2("+*)8  +  Vc*  -  Vc* 


15.  {4 

16.  {2(a+^)2±3(a2-i3)-3(a—  6)2}  = 


17.  From  13th, 

{(a;2  +ys  -  ary)2  ±  3fa;2  +  »/» 

18.  From  14th,  {«2+aft+62)+K<»-6)3±!(tl-6)  V5}- 

19.  4a2  +  2a+l);  (a;2±7a;4-4). 

20.  (a-s  +9^+9^8);  (1  +  32+oz2). 
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21. 


Exercise  xxxii.,   page  78. 


6. 


•2. 

3. 

4,  (£3- 

5.  (ajS- 
7.  U 

9. 

Expression  =  li(25jj*  —  64)-  6j:(3a;-  8). 

10.  7(9a;*  -  1G)  -  13x(3a;2  -  4)  = 

11.  10(81**  - 
12. 

13. 

14.  8(a;2_27/2)(10a;2-  4^+207/2) 

15.  (2a;2- 

16.  (a;2-1 

17.  (as»-f 

18.  10cc2 


-  60). 


20.  ( 

21.  (a;2- 
•22.  2aj2 

23.  ( 

24.  x2_ 
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Exercise  xxxiii.,  page  79. 


<x*  -9^+27). 

x 
-6z3=.r2+o;(l± 


3. 

4.  (; 

5.  ;2x2  +  2-3a:±a;v/(23)}  - 
7.   '4.cs-2)(4a;*-6a:-2).                8.  (z 
9.  C 

10 
11. 


12. 
13. 

14. 

15. 

16. 
17 


Exercise  xxxiv.,  page  78. 
3_y). 

c)  -f  (by  -  c)(by+c)  =  (by+c)(ax  +  by-c 
8.  (z*+a)(x+a)(x-a).  4.  (2x-a)(x-2b). 

6.  (x+3a)(a;+2fe).  6.  (x- 

7.  x-6 
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8.  (2a+8fl)C4a;  +  5&).  9.  (a+bx)(a 

10.  (a  +  bjc)(a-ux)-\-cx2(a+bx)  =  (a-b 

11.  Group  the  terms  containing  a,  also  those  containing  b. 


12.  (p*-q)(x-  -as-1). 

13.  If  written  a2 +a6+2rto--2i2+56c-3c8  it  becomes 

14.  xz-\-xz-\ 

15.  (mx-n)( 

16.  x(x2-bx-ax+bc)-a(x2-bx-ax 
(x  —  a)(x-b)(x-c) 

- x(r^  _  b~+cx-\-bc)  +a(xz -\-b  +  cx  +  be)  =  (#+«)(#  —  6)(^ - c) 
Group  terms  as  in  last  example. 

18.  :.  (x+a)(x+b)(x-c). 

19.  a2(x*-ax'*y~x!j  +  a!/2)+z(x3-(tx*y-xy+ay*) 


20.  «&^(aa;+%)+c^(aa;+%)  -efz(ax+by)  • 
(abx  +  cdy  -  efz)  (ax  +  by) . 

21.  ax(ax*  -  bx+c)  +  c(ax*  -  bx  +  c)  =  (ax+c)(ax*  -  bx+c). 

=  (x2-y*)(mx-ny  +  rz)  =  (x-ij)(x-{-ij)(inx-ny+rz). 

(mx  -ny)(ax+by+  cz) 

24.  mx(ax-  bcx  ±a)  +n(ax  —  bcx+a)  =  (mx+n)(ax-bcx-\-a). 

25.  C2(a262 


26.  Arrange  in  three  groups,  terms  in  w2,  terms  in  a,  an 
remaining  ones.  
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27. 


28.  Group  terms  in  d,  .-.  ax(a2x2—abxy+acxy  —  bcy*) 

—  dy(a2x2  —  abxy+acxy  -bcy3)  =  (ax  —  dy)(ax  —  by)(ax-\-cy). 

29.  mx(m  2/>x-  —  »/^+  »'  2  nx  —  n2) 

-\-q(m-px'2  —ni>x-\->n'2nx—  n3)  =  (mx+q)(px  +  n)(m*x  —  n). 
30. 

= 


Exercise  xxsv.,  page  82. 

2.  (ax  +  by)(bx—  ay). 
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20.  a(a*-b*)-Sb*(a-b)  =  (a-b)(a 

21.  am(am-cn)  -  2cn(am-cn)  =  (atB-c")(am- 

22.  (ax-b)(x*-ax-b). 

23.  35.E2n4-15a22;n  -21a3zn—  9a4  =  56" 


24. 

25.  (wta 

26.  (i- 

27.  (a;-y)3-(a;-//)22  +  («-2/)z-23 
=  (a;—  y  )  3  (x  -  y  -  z)  +z(x  -  y  -  y) 
=  (x  -  y  - 

28. 
29. 
80. 


=  (x2  +xy+ax+y*)(x2  +xy  -  ax  -  1/8). 
Exercise  xxxvi.,  page  84. 


2.  x6  -  (a2)6  =  (o;-a2)(a;4+»3a3  +a;3a*  +  xa* 
6);  (a6  -6*)(a«+6*)  ; 
;   (a;2)5  -(2y)5 


8.  (a  -6). 
5. 


4.  (aj+4y). 
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6. 


7.  (z-y)(.c2+.ey+//3)  —  x(x+y)(x-y)+y(x-;/) 
=  (x—y)( 

8.  &*3-a3 


=  (a;  -  a)  {(a+b)x2+ax(a  +b)  +a*(a+b)  } 
=  (x-a)(x2+ax+a*)(«+b). 

9.  6 


10.  (x*  - 
=  (x 
=  (x 

11.  a2- 


12.   (x-a 

13. 

=  (x*  - 

14. 


15.  l- 

16.  The  expression 


a—  bd  a  —  be 
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Exercise  xxxvii,,  page  89. 
1.  Putting  x+y  =  0  the  expression  vanishes. 


Put  a;=l,  y  =  l,  2=1, 
.-.  24  =  8m  .-.  HI  =  8. 
.'.  Expression  = 

2.  bc(b-c)+ca(c-a)+ab(a-b)  =  (a-h)(b-c)(a.-c). 

3.  Proceed  as  in  1  above,  3  (a*  -b-)(b-  -c2)(c3-a2). 

4-  (a?  +  y)(y  +«)(«  +  »).  5.  3(a+6)(6  +  c)(c+a). 

6.  See  Hand-book,  Ex.  5.     (a-t-i-j-c)(d  —  &)(6  —  c)(c—  a). 

7.  (a  +  6)(6^-c)(c+a). 

8.  Putc-i2  =  Q,    .-.     a«(c-69)  +  63(a-64)  +  /'e(i-a») 
+afc3(a&3  -  1)  =a/>3  _j7^.j?  -a2664-rt262  -ab*  =0 

.;.  c  —  63  is  a  factor,  &c.,  result  is  (a2  —  b)(b2  —  c)(c3  —  a). 

9.  (a+6)(6+c)(c  +  a). 

10.  Expn.  is  of  three  dimensions  and  vanishes  when  a  —  6  =  0, 
.'.   (a—  6)(6-c)(c  —  a). 

11.  ^+/2   , 


12.  a-^6  is  a  factor,  .•.  b  —  c,  c  —  a  are  factors.  So  that 
(a  —  b)(b  -  c)(c—a)  is  a  factor:  the  remaining  factor  is  of  two  dimen- 
sions and  symmetrical  in  a,  6,  c,  and  must  .-.  be  of  the  form 
m(a*+b2+c2)-\-n(ab+bc  +  ca),  where  m,  n  are  numerical,  and 
may  be  positive,  or  negative,  or  zero  ;  to  determine  them  put 
e  =  0,  .-.  (a-i)5  +  65-af'  =  -<ib(a  —  b){m(a3  +b*+nab}  multiplie 
by  some  numerical  quantity,  p,  suppose,  (independent  of 
letters)  to  be  afterwards  determined.  Hence 
-5ab(a-b){a*+ab  +  b2  -  2ab}  =  -pab(a  -  b){m(a*+b*)+nab} 
whence  a2  +62  —ab  =  m(a2+b2)+nab,  .-.  in  =  l,n=—l: 

.*.  the  quad,  factor  required  is  a2-+ba-}-ca  —  ab—bc—ca. 
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18.  Put  a+b+c  =  0,  i.e.,  a+b=—c,  &c.,  :.  —abc—abc—abc 
+  (a  +  b)3  +  c3—'3ab(a  +  b)  =  —  3abc—  c3+3a6c  +  c3  =0.  As  in  last 
Example,  the  other  factor  is  a  symmetric  quadratic  in  a,  b,  c,  and 
.'.  oi  the  form  m(a*+b3+e*)  +  n(ab  +  bc+ca). 

Put  c  =  0,  .-.  afc(rt+6)  +  (a3+&3)  =  (a+6  +  0){7»(a2+&*+02)  + 
n(ab+Q+0)}  multiplied  by  coefficient  which  is  independent  of  m, 
n,  and  to  be  afterwards  determined:  hence  ab+  (a2  —  ab-\-b2)  = 
m{a  -  +b2)+nab,  .'.  m  =  l,n  =  0,  and  required  factor  is  a2  +b-  +c2. 

14.   (c-b*)(a  —  c*)(b-a*).  15.   (xs  -y')(y-  -Z2)(x'2-:.  '-  \ 

16.  (x+y  +  z)(x-y+z)(y-z+x)(z+y-x). 

17.  (a-b)(b-c)(a-c). 

18.  By  formula  [8]  expn.  =  {2(a+6+c)}*=8(a+6+c)3  ; 
Or  substituting  a-f-&-}-c  =  0  we  get  the  same. 

19.  Substituting  a2  for  b  the  expression  vanishes  .'.  a2  —  b  i«  a 
factor. 

20.  (x+yy-xi-yi^lxy^+yKxi+ZxSy+Wy* 
+2xy3  +y4)  =  lxy(x+y)(x*  +*y+tf2)*. 

21.  Substitute  x-2  =  ox  -  6,  5x2  -6«-45a!+o4-26.t  -24. 
Substituting  again  '2ox  -  30  -  6x  -  45a;+  54  +  26x  -  24  =  U. 


a;-  — 


is  a  factor. 


22.  Substitute  a  =  6-c  .-.  (b-c)*(b+c)-b*+c*(2b-c)  + 


.-.    a  —  6-l-c  is  a  factor. 

23.  Substituting  a  3  =  z  -  36 
962+12o64-965-962-12a64+965=0,    ...   a3-f36   is 

factor. 

• 

24.  (a  -  b)(b—c)(a  -  c)(a2  +  b-  +c3  -h  afe+6c+ca). 
NOTE.  —  The  quadratic  factor  found  as  in  13  above. 

Exercise  xxxviii.,  page  96. 

1.  (a-2)(«2-7rt  +  2).  2.  (»-2)(a?-8)(a:-4). 

3.  (ar-3)(z-2)».  4.  (o,-- 

5.       4-lajs+2x+8.  6. 
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7.  (»+2H»-l)».  8. 

9.  (m-n)(m*  —  2»m-2n3).  10.  None. 

11.  (w-n)'(m-2n)s.  12.  (6  +  3e)(fc2  -  2&C+1862). 

13.  -(m-n)9(m»—  ww+n).   14.  (a 

15.  (z-5Xz-3)2.  16. 

17.  (fl-l)(a2-2a-195).        18. 

19.  (a-l)2(a  +  2)(a  +  3).         20.  («-"-  l)(a8n-2)(aa"-3). 

21.  r/2_f-462+7a6.  22.  (a-6)2( 

23.  (p-2)0>2-2^+2).          24.  (a;n-l)( 

25.  (?/-2)(y3_  3^2  +  2^+4).     26.  None. 

27.  («-&)(rt2+2a&  +  3/>2).  28.  (an  +  l)(2a3»  -3a"+2) 

29.  (*-2)(aj-8)(af-6)(aj-7).    30.  (x- 


Exercise  xxxix.,  page  100. 
1.  2(z-l)(a;2-9a;+10);  (x  -  2y)  2  (x  -  3y). 
2. 
3. 

4.    6-t-e)(fe-4c)(2Z>2-/>c-H3);  (5«+ii)(3a2  +7a6-363)- 

5. 

6. 

7. 

(5aj  -  2«)(Ca;3  -  8ajs// 
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Exercise  xl.,  page  103. 

1.  Dividend  =  fl  -  x)  +x-(I- x) 
.-.  quotient  =  l+.r3. 

2.  Dividend  =  (z4- 1)3 +(*2-|-l)2(a;3_i)2) 

divisor  =  \x2  4 1)2, 
.-.  quotient  =(z3- 1)3. 

3.  Dividend =(x*-«»*»4**X^+a^ +«*)(*• 

.-.  quotient  =  (**  +a3a;2 +a 

4.  Dividend=(x-%)(»+% 

.-.  quotient  =(x+2y)(x2+  8ya). 

5.  Dividend  =  i  l+2x-3x*) 
.-.  quotient  =  1  -2x-  +  3a;3. 

6.  Dividend  =  (a3  -x- )(a-x)(a+x)*t 
.-.  quotient  =  (a— x)(a+x)3. 

7.  DiTidend=(a;-y-|-«X«*- 

.•.  quotient  =  x2 -}->f2  +z2  +xyi-yz—zz. 

8.  Dividend  =  (a+6)(3rt-f6)( 
.*.  quotient=(o+6)(3a+6). 

9.  Dividend  =  (x -y)(2x  +  3?/)(2z3  - 
.-.  quotient  =  (x— y)(2x-{-'3y). 

10.  Dividend  =  («2_i2)2_c4, 
.-.  quotients  a3  -62+c2. 

11.  Dividend  =  (7a2  -3a6-f-2&2)(3a2  -« 
.'.  quotient =7a3-3a6+ 26  2. 
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12.  Dividend  =  ( 

.'.  quotient  =  «  —  7. 

13.  Dividend  =-  (a  -b)(b-c)(e-a 
.'.  quotient  =  —(a-  b)(b  —  c)(c  —  a), 

or  (a  —  b)(a  —  c)(b—c). 

14.  Dividend  =  (x  —  a)3  +  63, 

.•.  quotient  =  (x  —  a)2  —  b(x  —  a)  +  b 

15.  Dividend  =  (a;*+*3)8-(ys  +  1)2, 
.*.  quotient  =  a;2  4-23  +  ?/3+l. 

16.  Dividend  =  x(x3  —  aa;+6)(a;  —  c), 
.-.  quotient  =  x{  x-  —ax  +  b) 

17.  Dividend  =  a;3+.v3. 

x*  _  ?/  8 

18.  Dividend  =  -  ;  — 


.•.  quotient  =  (x—  y)(x2^- 

19.  Dividend  =(rt»-  5s)8  - 

.*.  quotient  =  a2  -62+c3  +  l. 

20.  Dividend  =  («3-i3-c-3)(a-26-j-3c),  see  Exercise  XXXIII. 
.'.  quotient  =  a3  —  6s—  c3. 

21.  Dividend  =  6(a2  —a;3)  +  x(«2  -a;3), 

=  Cx+i)(a  —  x)(a+x), 
.«.  quotient  =  a+z. 

22.  Dividend  =  -(«-6)(a-c)(6- 

divisor  =  (a  —  6)  (a  —  c), 
.-.  quotient  =  —  (b—  c)(a+b-\-c). 

23.  Dividend  =  a362-c3(a-fi)3, 

divisor  =  (ab  —  ca  —  bc)(ab  —  ca  +  be), 
.•.  quotient  =  ab  —  ca  —  be. 

24.  Dividend  =  (x+y—l}(x* 
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25. 

.-.  quotient  =  (x3  —  2)(z+l). 

26.  Dividend  =  (a2-5a-7)(aa 
.-.  quotient  =a2  +  5rt-f  3. 

27.  Dividend  =  {(Zx—y)a  3  -  (x+y)ax+x*\ 

X  {{2x-y)a*+(x+y)ax-x3}, 
.'.  quotient  =  (2x  —  y)aa  -  (x+y)ax+x3. 

28.  Dividend  =  {(a;  -IV2  -(x-l)a+3}{(x*+x  +  l)a  -  (x+1)}, 
.-.  quotient  =  (x3  +x+l)a-(x+l). 

Exercise  xli.,  page  107. 
1.  a;2  -3.  2.  x+a. 

3.  Factor  as  in  Art.  XXIIL,  and  the  C.M.  =*-  -z+  1. 

4.  Factor  as  in  last  Example,  ax*+bx+c. 

5.  No  Common  Measure  :  as  may  be  found  by  adding  and  sub- 
tracting. 

6.  c^+tr6.  7.  (a-b)(x+a).    8.  b(x+y). 
9.  (a-b)(b-c)(c-a).  10.  a*"  +  1. 

11.  The  C.  F.  must  measure  x3-\-ax2-}-bxi-c 


12.  a  —  6  is  seen  to  be  a  factor  of  1st,  .'.  also  b—c,  c  —  a  are 
factors;  so  writing  fl2  for  a,  &c.,  in  2nd  expn.,  its  factors  are 
o3-&2,  62-c2,  <?2-a2.  It  is  also  seen  that  5  is  a  C.  F.  .-. 
5('t—  b)(b  —  c)(c—  a)  is  the  H.  C.  F.  The  quadratic  factor  may  be 
discovered  as  on  page  229,  Hand-Book. 
13.  First  quantity 


.-.  H.  C.  F.  is(y-l)(x-l). 

14.  Let  x  +  a  be  the  C.  F. 

Then  a3  -pa+q  =  0  and  a2  —  ma+n  =  Q,  .•.  (m—  p)a—  n+q  = 

.-.  a  =  -  ?,  substitute  this  value  of  a,  &c. 
m—  p 
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15.  a;3-3a;a+8a;-l  =  (a;-l)3,  x*-x*  -x+l  =  (x+l)(x-  I)3. 
X4  _  2r»  -2a;  -  1  =  (a;*  -  1)  -  2z(.r2  -  1) 

=  (x2  -  l)(a;2  -  2ar+l)  =  (x-  l)3(x+l) 

2»+l  =  (a;4  +  2z*  +1)  - 
-2aj(aj»  -Hi)  = 
a;-l)2.     .'.  L.  C. 

16.  x3+6a;2+lla;  +  6  = 

a;+8  =  (as 


+  3)(x  +  4). 

All  these  factors  may  be  easily  found  by  substitution. 
.-.  L.  C.  M.  is  (a?+l)(a:+2)(aj+8)(as+4). 

17.  Denote  first  quantity  by  a,  second  by  6;  then  b-ay.xy  = 
(yz+y)x+5y-l  ......  rt.  a-rt  x2aj  =  a?y+4  ......  r 

=  y—  5  ......  rs,  which  must  =  0,  .-.  y  =  5. 

18.  The  L.  C.  M.  of  a  and  6  =  ab  *  F. 

(F  =  H.  C.  F.)  =  i(a2-f&2),    .-.  a2+62=2ai,  or 
(a  —  J)s=0.     .-.  a  =  6.     .-.the  other  quantity  is  same  as  given 
quantity. 

19.  Since  x+a  is  a  measure,  and  also  a?—  a, 

—  os+joa2  -qa+Y  =  Q,    ........................  (1). 

and  a 


Adding,  2pa2+2r  =  0,  .'.  a"  =  -  -L. 
Substituting  in  (1) 

+  ~P 

20.  Sincea;2-2a.r+a3  is  a  factor  of  both  expressions,  there- 
fore if  2ax-a*  be  substituted  for  a;2  both  expressions  will  vanish. 

Therefore,  2«x9  -  a2z-t-  qx+r  =  0, 
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also,  4a2x-2a9  -a-j;+mx+n  =  0. 

.:  (m  —  q)x-i-n-r  =  Q  for  all  values  of  x. 
.-.  m  —  2=0  and  n  —  r  =  Q,  .'.  m  =  qtaidn  =  r, 
.-.  33ns  =  w3rs.     Note  that  the  expressions  are  proved  iden- 
tical. 

21.  Let  x-\-b  be  the  other  factor  of  z2  +  mx+n. 
Then  (x+u)(x+b)  =  x*+  mx+n 


.'.    a+b=m;  ori  =  (m  —  a)  ...........................  (1). 

Also,  L.G.M  of  xz  -\-px-\-  g,  and 


x+a 

=  (z*  +px+q)(x+b)  =x*  +  b 
Also,  since  x+a  is  a  factor  ot  x3 


bp+q  =  mp—  pa  +  a*  -\-pa  =  os  +  mp 
bq        =a(m-a)(a*+p), 

(1)  becomes  a;4  +  (m  —  a)x3  +px*-\-(a3  +mp)x+a(n  —  a 
22.  Since  a;+«  is  a  factor  of  x*+qz+I 
and  also  of  x3  +px*  +qx  +  1 

.-.  a8  -£a+l  =0  ..................  (1) 

and  —  a 


Substituting  in  (1), 


23.  From  21.  if  we  let  (x+b)  be  the  other  factor  of  x*-\-mx+n. 
The  L.C.M.  in  this  question  will  be 


Also  as  hi  21.     b  =  m—a. 
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But  since  a;  +  a  is  a  factor  of 


Substituting  these  values  for  b  and  g. 

a^rHH-p)^3  +  bpx"+qx  +  bq  becomes 
x*+{m-a+p)x3+ii(m  —  a)x2  +a2(a  —  p)x 

-\-a2  (m  —  a)(a  —p). 

24.  Since  x-  a  is  a  factor  of  both  x^+px+1  and.rs+/xE2-f  qx  +  l 
.-.  a.2+pa  +  l=Q  ............  (1) 

Multiplying  (1)  by  a,  a3  +pa2  +a  = 


=   --  T- 

q-l          1-q 

25.    «2-i23-f  i2-c2)3  + 


But  a  —  b,  b  —  c,  c  —  a  are  factors  of  the  other  expression  ;  also 
(a +6)  is  not  a  factor.     .-.  also  (b+c)  and  (c+a)  are  not. 
.-.  H.  G.  F.  is  (a-b)(b-c)(c-a). 

26.  a,  0,  y,  each  contain  8  as  a  factor.    — .,    — -,    and  — -,  have 

be          a/3y  n      bed      ca          afty  nv  caS 
no  common  factor,  .•._.   +  -        or ,    _.  j.   -JLL.  or , 

o  o  ex.  fly     o  ^  (X  $*y 

and  —   ^   ^-  or   —,  have  no  common  factor,.  .-.  L.G.M.= 
L.C.M.  of  numerators         abcS 


28.  H.  C.  F.  is  l-x. 

.-.  L.  C.  M.  = 
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Now  substitute  for  x. 

x  =  ?/2+z3-  >/2z3,  and  the  L.  C.  M.  becomes 


29.  xa  +  2x*  +3x*  -  2x2  +  1  =  (x*+za+l)2  - 
=  (x*  +  z3+2x+l)(x*+x3  -  2x 

Ifz*+x*+2x+l  be  a  factor  *of  6z8  +  x7-{-17x5  -7x3-2.  we 
see  at  once  that  6a:4  must  be  the  other  term  ;  then  to  get  x7  the 
second  term  must  be  z3  :  also  there  is  no  x6,    .•.  the  third  term 
must  be  —  6x3  ;  also  z34-  l=x3  and  —  6x2  x2z=  —  12z3.     .-.  to 
get  —  7x3  the  next  term  must  be  4x  and  the  last  term  —2. 
.-.a;4  -fa:3  -  6x2  +±z  -  2  other  factor  of  second  expression. 
.-.  H.  C.  F.  =  x*+  -1. 

Exercise  xlii.,  page  111. 
x*-7x+6  (a?-l)(x-6)  x-l 


x*-\-ax3 — a3x  —  «4 
x-  -  flz-f  a3  x5 
(z+a)(x— a)'  xs  — 


(x  -  l)( 

(a;-+3)2-4x2 

x2(x-2)2-9 


a;3-2a;2-8a;-96         (a9 

s(8y-7)(y-2)  g(3y-  7) 


-  17y>  +6y          y(7y-8)(y-2)  =  y(7y-3)' 

(a;3  - 


-.  -  .  —  2-J-fex 

4. 


x{(x3+2)2-4x3}  ~^  -  2.(--p2j(ur2-  2a;-f  2) 
1 
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5. 


5a*(a+x) 


„ 

~~ 


x-y 

=   x+y 

Or  thus,  numerator  =   -    —  ^-,  the  denominator  =       ~^_ 


/.  given  fraction  =   X*-^L  .    x~y 


*  -1) 


I  b 

\x+—          ^ 

\  a    /         ax  +  by 


9  ,    / a  b  \  <>  I  a     \    /  l>     \         ax  — by 

/y*£      I  1    SMI«  mta  I  rv*    1_  i/  I        I  /I*    ill  ** 

X    +     _.     _     - 


/  a     \    i  f>     \ 

*+  -^y     *  — — ; s/ 

\  b    I    \  a    j 

r; 


abc(a  —  i 

The  numerator  vanishes  when  a  —  6  =  0.     .•.  a  —  ft  is  a  factor  ; 
&  —  c  and  c  —  a  are  factors,  and  the  numerical  coefficient  is 
•  1.     .*.  numerator  =—  (a — 6)(6  — c)(c  — a). 

—  (a-b)(b-c)(c-a)  I 

abc(a  —  b)(b—c)(c — a)    =  abc  ' 

a.      o/i 


(a-b)(b-c}(c— 
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10.  Let  —x  =  b  —  c,  —y=c—a  and  consequently  x+y=a—  b. 
Substitute  these  values  in  the  results  of  Ex.  4  referred  to, 
then 

__   x(x+  y)  +  //a+a;»  +  (x+y}y 


5xy(x+y) 
(x+y)*+x*+y* 


5(a  —  b)(b—c)(c  — 
11.   (x+y)5-x5-y* 
(x  +  y)7  -x'  -y7  =7 


5xy\-  -;/ 


2      7(*»-4-ay+f») 

12.  This  may  be  inferred  from  Ex.  11,  in  same  manner  as  Ex. 
10,  from  Ex.  4. 

Exercise  xliii.,  page  113. 

1.    ;  r  multiplying  both  numerator   and  de- 

i~7\1  ~  2X1  ~~  xn 

6-8+<l-aO         ±-x 
nominator  by  6    .'.    g~"o  •  /i  _.  \   =    e~7  \ 

a-\-h          a  —  b 

i     f 

a  —  6         a-f-6 

-^— ~b     Multiplying  numerator   and  denominator  by 


H  —  b         a-{-b 


(a  +  b)*-(a-b)* 
x 

2.  ' 


x  x  o  f    x  x 

'+ tl  ^  y  I  T  _l_  *t  r+   _ 


a-2- 


te(x-y)+x(x+y)         2x*  _ 

~          ~x] 
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"    Y+a 


a             J__  oJ_a_          JL 

1-a  "    1+a  "'U-«    ""    1+aJ 

3.     _1  _ 

a  a                               a(l-fa) 


1  +  TJ  —  ^  —    5—7        =      i~,  .  r    ,  ,   o  ;  2nd  result  =  x. 
'  9  2 


26* 


i,  .i  1 

(ID6     -     _     -  la    i    1  J.   i   -4 


6 


b 
""    " 


a(c"+  d  +  c-d)  +  b(c+d  -  c 
2(ac  —  6d)         ac—bd 
2(ac+bd)    "   ac+bd 


-  TT^3  =     A  /    ^;.«S  « 

a  +  fc+  —      a6    «  +  i+  — 

b  \  b  ! 


6.  Multiply  numerator  and  denominator  of  second  fraction  by 
xyz,  then  it  becomes 
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Bseyz  —  (xy  +yz+zx)  3xyz 

~   xy-\-yz+zx 


Sxyz  3xyz 


yz-zz  —  xy         xy+yz-\-zx 
y+yz+zx—  yz+zx+xy) 


= 


7.  Multiply  both  numerator  and  denominator  by  a268c2,  the 
fraction  then  becomes 


a+6  a+6         a-f  b 


'2  —  b*  ~  a  —  b  a  —  b         a  —  6 

a+b 


6         a«  -is/ 
a  _  fe         a»  —  63 


-- 
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10     —   +    j— 

a  0-j-e 


fe+c-fg  bz  -f  cg  -  a* 

' 


b+c-a 


Ibc 


a         b-\-c 


(a  +  6+«  s 


fc-a 


26c 


11.   The  first  fraction  = 


The  second  fraction  = 


l~x 
1+a; 


x  +  a         x-a 


1-z 


f  (a;  -rt)»  - 

— 


^Zf!  4.  cc  +  a 
«  —  aj 


12.    _ 

2/ 


—  —  1  H •  ~5 

y  a;  u;-5 

Cancel  numerator  of  first  fraction  into  numerator  of  second,  &c. 


x+y 


I  -  -!L 

Then    1  4-  ^  = 

?  /       x  —  y 
1  +JL. 


13.  The  fraction  = 


-  —  7)\  3 


. 

\^ib  ~ 
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X*  —  1/e 

14.  The  dividend  = 


x~ 


x~ry  x+ij  '   x+y   "   x-y 

15.  The  dividend  = 

/     1  -Kc  l-x     \ 

\1  +  Z^JC*     "     1-X+J*}         ~~ 

The  divisor  = 

l-x 


.*.  the  quotient  = 
2 


a                     b 
ig i _ 

~  n(a—  b)         n(b—a) 

17.  =  v'-'i  — —\  =   ±- 

[2\/(rt  —  bx) 
15.    =1  +      /,        ,    .          ,.    _,    .    —      //-!,_ 

Exercise  xliv.,  page  117. 
1.  (x-a)±  5.  2. 

o  4«3 

3-   -^ r   x 


a  b  a  b 

4.     =    -   _L    _    _i_    _  o 

a+b  a  —  b  a  —  b  a+b 

5.=—  2-    — ^-—+3- 


1 


6  1  1      • 

=    2a33_.s     "        323      ;          ^- 
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7     JLJ  (8*+2z/)2-(3s 
1  i  9a;2-4.v2 


3.c-l  x 

TTfyZ.      TT      >     ,*,//(  ,,.2      i  \     ~> 


4a;2+2 


9.      "4  -5~6        ,  to  this  add 

z+2  " 

x      _  .,  and  result  =  -  ____        _  ,,  to  this  add 

3) 


,  and  result  =  1  -r-  (x 


10.  First  and  second  fractions  =  4  (a;3  -{-?/")  ^-  (cc2  —y2),  to  this 
add  third  fraction  and  result  =  16a?2y3  -r-  (a;4  -  ?/4),  to  this  add  last 
fraction,  result  =  4(a;4+4a52//2+?/4)  -r-  (a;4  -y4J. 

11.  (a-6)3-j-(a;4-«)2(x+i)2. 

1  2.  Combine  first  and  last  fractions  (of  dividend),  and  take  result 
with  second,  and  that  result  with  third.  .-.  lQa7x  -r  (a8—  a;3). 
Similarly,  divisor  =  8a6a;2  -r-  a8—  a;8,  .'.  2a  -5-  a;. 

18     =  1  4-       10       _  i        *L          236  -77a; 
~       ~  18   =  ' 


14.  l-=-(a-&).         15.  15a(3a-a;)-7-(9a+2a;)(a+3a;). 

16.    =  __  ^lL_  J_  17.  2.     18.  j 

(2«-5)(a;-l)     (2»-7)(*-4) 


19.  First  and  third 

Second  and  fourth  combined  =  -(a  —  i)n-fl. 
.-.  result=(a-6)2n-f-2. 

20.  Combine  first  and  second,  result  =  1  -i-  (uj24-«2)(a;2 
Combine  this  with  third,  result  =  0. 

O     2 

21.  Combine  first  three,  result  =   --  .this  with  last,  result 

z6-l 

=  4«;3  -:-(x12  -1). 

22.  - 
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Exercise  xlv.,  page  121. 
--^)3=J_y.  (SeeE*erciseIX.,E*.10). 


2-    = 


(rt_6)3 
3.  L.  C.  M.  of  denominators  is  (a—  b)(b  —  c)c  —  a). 

.-.  First  num.  is  a2  —  i2,  second  is  6s  —  c2,  third  is  c3  —  a2.    .-. 
result  =  0. 

—  b+c—c+a—a+b 

4-  =  T^x^-cxc^r 

5.  L.  C.  M.  of  denominators  is  (a-f  6)(6-f-c)(c+a)  ;  first  th:ee 
fractious  give  numerator=(a—  6)(6+c)(c+a)  +  anal-f-anal;  of 
which  a—  6  is  found  to  be  a  factor,  .•.  b  —  c,  and  c—a  are  factors, 
and  it  becomes  —  (a  —  b)  (6  —  c)  (c  —  a)  ,  .  •  .  result  =  0. 

6.  L.  C.  M.  of  denominators  is  (a  4-  b)(b  —  c)(c+a)(x-}-a)(x  +  b) 
(x  +  c),  result=  {(a+b}(c+a)x*  +  2(ai+bc  +  ca)ax 

(a+b)(c+a)(x+a)(x+b)(x+c). 

7.  =(x-y)(y-z)(z-z)+(x-y)(y-z}(z-x)  = 


8.  ss  -  ; 

(a 

9.  ={-fcc(6-c)-ca(c-a)-a6(a-6)}-^(a-fc)(6-c)(c-a)  =  l. 

1U.  x*-y*.         11.0.         12.   =—  (a-6)(6-c)(c-a)-v- 
(a+b)(b+c}(c+a). 

18.  Sum  of  numerators  =  —a*(b  —  c)(x—b)(x—c)  —  anal  —  anal. 
which  vanishes  for  a  =  6,  .-.  a  —  b,  b  —  c,  c  —  a  are  factors,  and  the 
other  factor  is  of  the  form  mx*+n.  See  Ex.  2  in  Hand-book. 
n  =  0,  m  =  I,  .-.  result  is  x*  +  (x  —  a)(x  —  b)(x-c). 

14.  Numerator  =  (x—y)(y—z)(z  —  x),  .-.  result  is  1. 

15.  Numeratoi  =    —  a+b)+b-c)+c-t-a3  —  0. 


b(x+a  — 
ab+(b-a)(x-b) 
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Exercise  xlvi.,  page  127. 
a^          a 

d  -  —  flfy  _L  /) 2  fo2  fo 


C  C 

d*    ~  ~d  _   c2  -  cd+d* 


rt^_c2_a2— c2      a      a  —  c     a  +  c 

~b*~~d*^b2-d2'     T=fe^/=M-"d 

a2       fa-  c\  2     /a  +  c\2       a3-c3     /a-c\» 
6-<i 


a^_c_a2  +  c2  rt        c  _^|a2+r2 

63         rf         /)S_L^2  ^  ^ 


_ 

x       3       2z3-  ~ 


E      9    4.1 

4  ~T  +i         22 

"93  23 


(a]  (  c  }  (  f] 

ma-nc-pe   =    mb\~b]  ~nd\~d  TPf  \J} 
mb  —  nd—pf  mb—nd—pf 

<  a  a  a 


mb  —  nd  —pf 
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6        fa— 


j 
l&->-Ma-Hv 


f     /  a  \          I  c\          I  e  Yi  s 
)  3  =  \b\-j-  ]—md  -  -    +nf(  —   ' 

'  6  '         '     '      "  *  -;    ' 


-  1  -  r^  —  7  -  > 
I  b  —  md+nf  ) 

I     /  ti\  /  a  \          /rt\\3^  \s 

=  J  MT/-W  T/+"AT  L  -  <fe^wl_d±^)U^. 


7 


or 


-_  -^_    _   _ 

1-x3    "a  2 

8     Jv/(fl+3;)-*-  v'Cq—  g)         a 
= 


m<      [Seer5),p.l22] 
" 


a-;c          (a  -I. 


= 


mx  —  c  —  d         (mx-\-a+b}  —  (mx  —  c— 


nx+a+c      '   nx-b  —  d    ' 
a  +  6-fc+d 


10. 


m  —  n)x  =  c  —  b,    .-.  x  =   -  —  . 
n—m 

a  —  b  b  —  c  c  —  a 


ay+ox    "    bz  +  cx    "    cy  +  az    "    a.v+by+cz 


(dy+bx)  +(tz 
a+b+c 


(a+b+c)(x+y+c) 
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11.  Let  each  of  given  ratios  =  m  ;  then 


Clearing  of  fractions,  Ba  +  96+  5c  =  0. 

T/(g)  +  T/(a~a;)    .     _L 

l/(a)  —  i/(a-x)    '      a 

%l/(a  —  x)          I  —  a      .     a  —  a; 


12. 


2/(a) 
13.   Each  ratio   = 


i-nj  • 


l-fa  a 

difference  of  numerators 
difference  of  denominators 
x*-y*+z(x-y) 
x-y 


14.  From   the   given   ratios  the  value  of  xy  is  found  to  be 
«+y-f4. 


~ 


3(^-4) 
2(*-2) 


-  4) 
) 
3(a;+2)(a;-2) 


c-6 


«.    .,  v  +  2c          36+c 

[See  (6),  p.  122.     Similarly    1—   =    _- 
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b+3e         3b+c         2(c—  b) 


y  -  26  "  y  —  2c  c  —  6  «  —  6  c—  b 

17.  Let  each  of  given  ratios  =m. 

rt2  +  £2 

Then    -  —  —  =m(a*-b*) 


Multiply  through  by  60  ;  then 


a* 
18. 


J&  l   -    .2  _ 


x2  —  yz     y2  —  zx    z2  —  xy     x*-{-y2-\-z3 —xy  —  yz— zx 
b*y  c2z 


3.    _  yZ     X  _  ^z     y—  xi/z     z—  xyz 


x*+y3+z*-3xyz   "    (x  +  y+z^xt+yZ+z*  -  xy—  jz  -zx) 


—  xy-yz-zx~  (x-\-jr+z)(x-+y;i+z2—  xy—  yz-zx) 


Gearing  of  fractions  a 

19.  Let  each  ratio  =  m,  then  x  =  m(a  +  b)—c) 
.'.   (a-V)x  =  m{(a*-b*)  —  (a-b)c} 
(b—c)y  =  7»{62  -  c2  -  (b—  c}a} 
—a2  —  c  —  ab 


—  c9 
-(6-c)a+C2  -a2  -  (c  ~a)b]  =0. 
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«4      c4      04 
again,       =  -   =  -    = 


21.  Let  each  of  given  ratios  =  m 
Then  bx+ay  =  m(a-b) 
and 


,  or 
(a-f  6  -f  c)(a;  +  y  -f  z)  = 


Xs-5z2a-5xa*-g3          (x  -  a)  3  _  2za(a;  -  a) 
' 


a;  —  a)  sum  of  numerators. 


2za(;e-{-a)   "    sum  of  denominators. 

(a?  -a)3  /x—a\3         x  —  a         Ix  -  a\2 
=  =  '"'   \x+al 


x-\-a 


=±1?  •'•  x  =  0.  ora  =  0. 


b* 


NOTE.  —  If  the  sign  before  5xa  (in  numerator  of  given  fraction) 
be  —  ,  the  result  is  5. 

23.  Inverting  each  fraction, 

5(b+c         10(r+«) 


a  —  b  b  —  c  c  —  a 

Let  each  of  these  ratios  =  m  ;  then  6(a  +&)-{-  5(6  4-c)  +  10(e-f  a) 
-c-f  c-a)  =  0.     .'.  l(J 
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y'-+'2jcyz+z~.<'- 


Dividing  both  by  x-  —  y2, 

1-z2  1 


'    1-x3' 
Clearing  of  fractions  and  transposing, 


25.  Let  each  ratio  =  m  ;  then«4-6+f  = 

m(x—  y)  +  m(y  —  z\  +m(z  —  x)  =  ni(£  —  y+y  —  z+z  —  x)  =  0 

26     —        —      •    —         V%ac) 
b*    ::    bd  b       ~~ 

a+b          V(ac)+  ^( 
'''    a^b   =    V(J)-v(bd)      [^  (6),  p.  122]. 

la+mc  +  ne          Ib  /  "  )  +  md    l±\    +  n/  (-1) 
2/'  =  */ 


nf   l±\       ^ 

J  \  b  I  _ 


n 


26+2c-a        2c+2a-6 


then 

a;  z 


-.'•  +  -y  —  z 
2(26  +2c-  a)  +  »(2c  +  2a  -  fe)-  ( 


-2z- 
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9ft  9c 


9a 


28. 


a  — ft 
c—d' 


v\* 


29.  Let  each  ratio  =  r;  then 


and  —  (y-«)  =  rfy»-a»), 


Similarly        (z-«)  =  r(z  2  -a;2)  and  --  (x-y) 


.•-  -     (y  -•)-*•  --(»  -  *)+  7- 


30.  Let  each  ratio  =  r ;  then 

~T  =  r(ny—  rrtz)  .'.  y-  (?—  x)  =  r(ny-mz)(l— x) 
Lx  *& 

—  Cm  —  v)  =  r(lz  —  nx}(m—  y)  and 
my  v 

c 

m(        )-  \, 


CHAPTER    FOUR.  93 


1    ("y2—  «2) 
81.  z  =  ]  - 

y 


also,  x-y*  =  (ax3  -  a2), 
y2—  a)          z2  t/2- 


-  -  a)          x9          x2  —  a 
Clearing  of  fractions 

-  —  >ix-  =  :-x-—'iz~,   ax3  —a*  —  ax9  =z*x*  —  az2 

|/("2*-<l») 

.•.  z-x~  =<iz-  -a2     .-.  x  = 

Z 

32.  See  solution  of  18. 

Or  thus,  x'2+y-  +z2  —  xy  —  yz  —  zx  —  a*  +f>*  ->-<•* 


that  is  (a;+»/+zi(«2  +  J/2+c2—  jc>/  —  xz  —  zx)  =  a2x-t-l>2y+<'2z. 
Substitute  value  of  x-+y-+z2—  xt/—  xz—  zy, 

then  (x+y+z)':a*+b*-\-cz}=a*x+!>2y+<-?s 


83-     a*     ~     x-   '   r/2     ~    x2  '    b-    ::    y2  '   b*    ~    yi 

,.3  r2         22  rS  H,2  n2  r2 

»n2         n2          ?-2          3?»2          3l 

=  —   4-   —   4-    —    = =    - 

/»2       "^     ,,2       '      ^2 


y2+z- 


a3*          a*c*e*          a*          c*          <?*          a*  —  c*  -»-«" 
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an  -c*  -fen3         aW--(on 


Hence  the  equality  required. 


n- A 


a\     a2as         ai     l/asas        ja       ai 
also  since  ^=ljt   '''  ?7V(»i»i)"*   " 

a«  / 

Smululy 


o]_     gt  V(ala3)+a2y/(a3('4:)±  &c. 
" 


Hence  the  equality  required. 
36.  From  first  equation 


I  -be 
From  second  equation 


B(c+a)+C(a+b\ 


I  -be  b+c 


8imilarly  =  (2, 


Transposing  and  dividing  by  a  —  c 
A  B  _C_ 

"  3 


Secondly,  dividing  both  sides  of  (1)  and  (2)  by  a  and  c  respect- 

ively,  we  get 

B(a-b)  C(c-a)     and     B(b-c)  A(c-a) 

" 
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A          ) 

r 


B     (a-b         b-c]  x    (        C 

••  iT^Hr  +  — }  =  (<-«>  1-^r-^)  + 

Db    (a-c}          c-af     (7  .-1     ) 

i+i2{~ac  I       <w  [T+72  "  l+^a; 

Transposing  and  dividing  by  a~c  we  get 

ac 


Aa  Bb  Cc 

T+o2 


Dividing  both  numerator  and  denominator  by  a,  b  and  c,  we  get 


A  B  C 


+    r     +   r     =    0. 

«+  —     >+4-     c  +  — 

a  6  c 


_  _ 

V          k  T  ^   :=   ^Af 

.I       1.  _!_  "  /3a2\  2 

'  '   4  //  \xh)       ~- 


9o 


a2          62          c2 

P  ::  P"  =  "P"  "-1  ^  "^r 


- 

Exercise  xlvii.,  page  134. 
1    a;2  -f  aJ  -  (a  +  6)*  -  c2  =  x*  +  Z 

p2  =  «J-c2, 
— c2;,  or  (a— 
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3.  Extracting  square  root  (See  Ex.  1  in  Hand-Book),  we  find 
remainder  to  be  -8#-|-30,  which  must  =  0;  .-.  #  =  10. 


,     .'.  sq.  root  = 
5  2z2  —  aj+1 


-  4a;3  +  5a3  - 


-4a;3  +   a;2 
4x2-2icP         ~" 4a: 


(2  —  w)a5+(w-l) 
.-.  (2  -  m)a;+(n  -  1)  =  0  for  all  values  of  x, 
.-.  2  —  w  =  0  or  w?,  =  2  and  w—  1  =  0  or  w=l. 

6.  Given  expression  = 

a-4  _  2^2  +4  -  4ic2  =  a;4  -  6«2  +4  =  (a;2  -  2)2  -  2a;2  , 
which  is  a  perfect  square  if  2x2  be  added  ;  also  x*  -  6a;2  +  4  is  a 
square  if  5  be  added. 


=  l,  and  8m+7n=  -4,  .-.  m=-5,  w  =  6. 

8.  Extracting   the  square  root  as  in   example   5  above,   the 
remainder  is  found  to  be 

-c*\cx  /80- 

__  I  I      -1  I  _.  ^_ 

64~)TH        '    \      64 

in  whieh  the  coefficient  of  x  =  0,  and  the  the  last  term  =  0;  these 
conditions  give  c=  ±12.  The  roots  of  the  resulting  expressions 
are  2xa  -  3»+l,  and  2a;3+8a;  -  1. 
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9.  Expression  = 


?  ...  8quare  root  is  (a»+  6»)  (c2+d2;. 

10.  Applying  condition  of  perfect  square, 

(a  +  //)*  =  4(fls-69)(a+&)(a-6)  .-.  (a+6)2  =4(a-6) 
.-.  a  +  i  =  ±2(«  —  fc),   :•  &c. 


11. 


,2-2 


-462 


12.  Expression  = 

ar4  +  (m  +  7i)a;s  +  (/)+^+"m)a52  +(«P+'«v)a:+^<?  5  equating  coeffi- 
cients, .-.  ?«-{-/<  =  —  4  ..................  (1) 

/>  +  ?+mi»=~l  ............  (2) 

np  -\-tnq      =    16  ............  (3).     If  p  and  q  are  rational 

integers,  their  values  must  be,  since  pq=  —12,  1  and  12,  or  2  and 
6,  or  3  and  4,  one  positive  and  the  other  negative.  Now,  if  3 
and  -  4  be  substituted  for  p  and  9  respectively  in  (2)  and  (3),  the 
resulting  values  of  m  and  n,  obtained  from  (3)  and  (1)  are  —4, 
and  0  respectively,  and  these  values  satisfy  (2),  .-.  factors  are 
(.f-  —  4x+  3)(#2  —4).  By  similar  reasoning  other  values  of  p,  q, 
m,  n,  may  be  found,  x  giving  (x2  —  3x+'2)(x-  —x  —  6)  and  also 


13.  Let  xg+pax-{-a-  be  the  other  factor. 
Then  ( 


=  —1,  and  mp  +  "2  =  1  or  /«/>=  —  1. 
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=  —  4 


-  2mp-}-p2  =  5 

m-p=,/6f     .'.mm    .± 


14.  Let  it  be  the  square  of  /  a;2  -i-^Lx  +  —  \ 

\  2  a  } 

Then   ( *•  +  _!* +±\f  =   x< 
\  2  a  ) 

I  2c          «2  v 

(-«       Tf 


,      2c 
i.e., 


x*  +cx+d 
= 


2c          a2  c2 

/.   -  +  -  =   6,  and-   -.   d, 


15. 


=  e,  2l/(ac)=/, 
±ab  =  d»,        4bc  =  ez  ,        4ac  =/2 
a          d*      a     _  /2       6  f/» 

T   =    e2'    T         ^'    T     "  T2*' 
1C.  Let  x+p  be  tiie  other  factor, 
Then 


17. 


=  d(a-2d)     =  $(b  -d*  )  =  -:-• 


=  63, 

a          63 

T  =  c3' 
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18.  The  remainder  on  dividing  is  (3034-6a&+  3fb:-i- 
d-3a2&_2a*,  .-.  3a3+6a£-f  3r  =  0  ......  (1) 

and  2<<*-f3fl2&        =rf  ......  (2). 

From(l)  (02-1-6)2  =  £2  _ac;  from  (2)  d  =  2/i2(fl 


(rt2_ 
from  (1);  -  be  =  a*b-\-2ab*  from    2  . 


a 

.-.  m—2a         =p,  and  m  =~r- 

' 


19. 


a3  -2«m      =0,   .-.    a    =    -|^; 
Also   a3-2^2»z    =0,  or  a3-  2?  =  0,  .-.  rt3 

.-.  2g=  -  T*rp3,  or  4/>3  +  27?  =  0. 
20.   Let  x--\-max+aa  be  the  other  factor,  then 


.'.  m-f-;i  =  l.  2-t-m«  =  l  ;  from  these  equations  m  —  n  = 
.-.  2n  =  l±T/5,  .-.  n2-w-l  =  0. 
21.  'Let 


2n2  =  64d.     Also  (4&-a2a  = 
22.  Let  x 


--+  '2*x*  +pV*.x  +-s, 
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28.  Dividing  by  ax2+2bx+c,  the  remainder  is  found  to  be 

(o        2&2\       ,   ;       /*c\ 

2c-  —  la;  +rf  -    _ 

\  a  /  \aJ 


L 


c 
and  d  —  —   =   0,  or  ad  =  be  .........  (2). 

a 

From  (1)  i  =  1/(flc) 


, 

Also      -    =     --      .       ad2=c3        .•.  c  =  a  d  . 


—  ^m-i^  =  0, 
+  1). 

25.  Let  j-+  —  be  the  other  factor,  then  x3  +p.r-  -{-qx  +  r 

4; 


.-.  p  =  4  4-  —-;  7  =  r 

4 


20.  If  divisible  by  SxV+Vpx+q,  it  is  divisible  by  a;2  —  %px+ 
Let  x-\-m  be  the  other  factor  ;  then  (x-\-m)(x2  +%iJx-\-\<]}  = 
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Exercise  xlviii.,  page  137. 

1.  If  aa'  =  W  =  cc<  then  will  (a-b')a'  =  (b-a'}h' 

(b  —  e)6/  =  (c/  —  b')c  and  (c '  —  a  ')c  =  (a  —  c)a  ' 

Nos.  2  to  7  may  be  proved  in  like  manner,  or  thus  : 

2.  Interchange  b  and  b'  in  1  and  it  becomes— 
If  aa'  =  b'b  =  cc'  then  will 

(a—b}(bl-c)(cl-a'}  =  (bl-al)(cl-V)(a-c) 
which  is  2  with  the  members  transposed  and  the  factors  in  differ- 
ent order. 

3.  Interchange  a  and  a '  in  1  and  it  becomes  — 

If  u  'u  =  bb '  =  cc '  then  will 

a  mere  variation  of  3. 

4.  Interchange  c  and  c'  in  1  and  it  becomes— 
If  aa'=bb'=c'c'iheD  will 


which  differs  from  4  only  in  the  order  of  the  factors  of  the  right- 
hand  member. 

5.  Divide  4  by  2,  member  by  member. 


(i-e'Xc—  o)(«/-6'          (c-b')(b-a)(a'-cj 
Rejecting  factors  common  to  both  numerator  and  denominator, 


from  which  5  may  be  immediately  obtained  by  a  transference  of 
factors. 

6.  Divide  4  by  8,  member  by  member. 
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7.  Divide  4  by  1,  member  by  member. 

6  and  7  may  also  be  obtained  from  5  by  operating  with  the 
substitutions  (abc\a'b'c')  and  (abc\a'b'c')2  respectively. 

8.  From  1  by  actual  multiplication 


a'fa'-bty-bcc'+b'aa'+cbb'  — 


-  . 

Hence  the  equation  in  8  is  merely  another  form  of  that  in  1. 

The  equations  in  2,  3,  and  4  may  be  formed  from  that  in  1  by 
interchanging  b  and  b1,  a  and  a',  and  c  and  c'  respectively,  hence 
variations  of  them  may  be  formed  from  the  equation  in  8  (proved 
to  be  a  variation  of  that  in  1)  by  the  same  system  of  interchanges. 
But  these  interchanges  have  no  effect  on  the  equation  in  8,  i.e., 
they  leave  it  unchanged,  hence  the  equations  in  2,  3  and  4  are 
merely  different  forms  of  that  in  8  ;  and  consequently  the  equa- 
tions in  1,  2,  3,  4  and  8  are  all  merely  different  lorms  of  one  and 
the  same  equation.  Also  5,  6,  and  7  have  been  shown  to  be 
formed  from  1,  2,  3  and  4,  and  consequently  they  may  all  be 
formed  from  8. 

(The  example  and  exercise  of  Art.  XXXVIII.  are  important 
geometrical  theorems  —  See  Chasles'  Traite'  de  Geometrie  superieure), 
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Exercise  xlix.,  page  138. 
1.  5,  8},  a,  -3.  2.    -4i,  -a,  2,  10. 

3.  a+b,  c-a,  b-c,  3.         4.   -2,  6,  -5,  12. 

o.    -  14,  a -36,  2a-3o,  56-3<i.  6.  7,  4,  a,  6. 

-       c        5      n  1     (a-fc&)2_a 

<.    — ,    — ,    U,    i.  8.   —1,   i — ^ ,  a  +  o. 

3       a  6 

9.    6-a,  a  +  6.      10.    _i_,    .  _;          11.  26,  a. 

a  —  6     «? 


2     a+6,      JL      JL.  13.    b—L,    b+c. 

a+b     a—c  a—b 

15.  a2-* 

_a  +  b  17     g+  b      2_      3 

'     a  — o  e  —  b'    15*    14 

V— 

1        b        a 


_.       _,   _,    _  19. 

1-2     M       6 

20.    10,  12,  4,  i.  21.    1000,   f.   3. 

be  b2 

•2-2.    9T9ff,  ab,  —.  23.    — » 
a  ac 


a       a  —  b 

24.    -T-.      7-7.    -7—4^-       25.   -1,   -1. 
6      a+t>      •  (a  —  b)* 

a2-c-2)          10  b       ac 

26.    7=3nSi  ,  2,  -o-  27.    a6,    — ,    T, 

o  a        o 


OQ       19       OQ      n      9 

*o.     j.i,  .  £ii}.   y,   — . 

o 

30.12,1.  31.3,1.  82.  |^,0. 

33.   — •  84.  1.  85. 

m 
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ab  +  be  -f-  crt 

38.  3(3{3(3z-2)-2}-2)-3  =  0 
(3{3(3x--2)-2}-3  =  0,  .-.  3(3a;-2)-3  =  0,  *=1. 

39.  1.  40.  1.  41.  1.  42.  15. 

43.  16t.         44.  6.  '       45.  5.          46.     W<+M^+i^ 

mnpqr 

47.    -|.  48.  0.  49.    -T235B.  50.  1. 

Exercise  1.,   page  142. 

1.  2,  3.  2.  *,  i.  3.   +2,  H.  4.  1,  H. 

5.  ±§,  ±(fl  +  6),  «•  6.  4,  5  ;  2,  2±. 

7.  -3  or  2  ;  4,  -3  ;  2£,  -1J.         8.  1 ;  f  or  | ;  i  or  3. 
9.   -§  or  §  ;  £  or  6 ;  £  or  -  |.         10.   -  1,  2,  -£,  1. 
11.  0,  -6,86.  12.  a,   ±aj/-l. 


13.  1,    -~>    ^  14.   ±a.       15.  ±60,  -(fc 

2  ij 


16.  Factors  are  (#— a)(x  —  a  —  26),  .-.  x  =  a- 

17.  6  or  ±a.         18.  x-\-2ab  is  a  factor,    .•.  x=  -2ab.     The; 
other  factor  is  8;c2  -2abx-  2a*b2,  which  gives  x=  i«6(l±|/7). . 

19.  a_i  is  a  factor,  .'.  also  #— a,  6— a;  are  factors;  one  lineal 
factor  remains  which  must  be  symmetrical  in  a,  b,  x,  and  is  .• 
x+a+b  ;  .-.  x  =  a,  b,  —(a-\-b). 

20.  Transpose  1  to   left-hand   side,    which-  then    vanishes  ij 


21.  Left  hand  =   \±Z±^±_-^_  =  x-a,    which  =  a;2-a3,    .• 


a;  =  a,  or  1  —  a. 

22.    =(x  +  a)(a  +  byx  +  b-a  +  b)  =  0,  &c. 

bx(b-x)+ax(x-u)  —  (x-a)(b-x)  =  0, 
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24.  (x-5 

25.  O-</V.e- 


26.  *x- 

27.  (x-  -  2x  -  l)(x2  -2x-  2)  =x4-4«3+x2  4-6x4-2  =  0. 

Exercise  li.,  page  146. 

ANSWERS. 

1.  4.        2.    -V5.        3.    -107.        4.  8.        5.  3«.        6.   -T»5V 

7.  5f  «,  17.          8.  22,  46£.           9.  7,  3.           10.  10,  10,  11. 

11.  0  or  11;  33.     12.  3956-3971.    13.  |(15±v/190).      14.  3. 

15.  3.        16.  4.        17.  22-rl6.        18    H.        19.  3±.       20.  4. 

21.  ±3.      22.  /ll)      23.  2  and  -l±</-3.      24.  2£.      25.0. 

26.  3a.              27.  f.              28.  |f.              29.  3.              30.  10. 

81.  0,  1,  or  (-5±\/-23)-r8.                     32    102|. 

33.  (-ll±v/4681)-20.              34.  2,  ^,  or  f              35.   -4. 

86.  0,  or  ±1/(«2+6-). 

HINTS  AND  SOLUTIONS. 

12x4-2  25 

1.  Combine  first  and  last  fractions  .-.  ^-5  ----  77;  =    r—  ,  &c. 

lo^;  —  lo          lo 

9x+  15         '13 

2.  As  in  last  Example  ^  --  ^  =  'TF,  &c. 

^      ox  -  25          15  « 

72  70 

3.  Completing  divisions  .-.  —  -,    =        -^,  &c. 

x—  1         ^+2 

11  33 


=:         ' 


<    •'   2.r-9         21 
5.  Multiply  through  by  6,  and  complete  the  divisions, 

6a  12-/ 

-  =  0,  &c. 
x  —  a         x  +  a 
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—29  24 

=        Z"  84  =  -53(3*-l),  &o. 


7.  Multiplying  by  2  and  completing  divisions,  .*. 

47  6  34 

:—mm  «•  &c-   -~  o  =  -  —  1>  &c. 


2*-  15     r  25-5-          "   aj-8         *-6f 

8  _12^  20  22 

a:  -12   ==   a;-7;&C<     3 


10 

• 


15  4  -5  28 

" 


-         -  _^.  _. 

2a;+l    "   2aj-6'      oj-7   "  x-8        *-8        as-9 

3  1 

-„   =   -;  —  Q  =  1,  by  subtraction. 
x  "  •  i         x  —  y 

17  15  3  15  4 

=      -'& 


5s-  6  289 


-l)    =     "30"'      c> 
x-S  3a;-2 


a;2— 5x  +  6     "   x- -  5x  ~         6 


,  &c. 


24  36  48        .        3  2 

Ic+T     ' 


15.     •  —  ---.     (By  the  usual  divisions). 

5x  —  4         7x  —  10 

16. 


17.  a;+2+  J__  +a;+24-_L  =  2(*+2)-f  -—-.,  &c. 
x—5  x-9  x-8 


18  .-  __       .-   &o. 

"    16a;2  4-48a;+32 
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19        '  1  1  1  I 

'  2x-4   ""   2*  -9   ==   2^8   ""  2*-o' 

4.C-13  4a:-13 

or,  ----  --  _   _   -  ,  .•.  4a;  —  13  =  0,  &c. 

" 


20     •    —         —         2a;+47         ji         n*         ji        J_ 
'4          14         23z-6         T   =    ^1      "   42  H~   14' 


2x3  —  18  2r3  —  18 


22     •   -^        £1        A        5^  ofx        2i         59 

2    "   52  "  52  ""   13   =  "39      "   19  "  62 

-        7|a;  j     3*     •    &c 
'   26   -     "52    +  52'  ' 

23.  Multiply  through  by  18. 


6(1  -  2a?)         9(1  +x)  3 

''•  z*-x  +  l   +     z2+r 


24.  Completing  divisions  as  usual, 

---  1  1  _2^ 

1  """         ""*  4  I*       O 


'   2a;-7          x-1  x 

-5  -5 


(x-±)(2x-3) 
1  + 

r«_ M> 

or  2-f 


,  &c. 


25.  .-.  1  -   a~b  a~6 


x-a          (x-a)(x-b)   '       a+ac 
(a-b)*  (a-6)»  2(a-x) 


(x-a)(x-b)   "   (z-a)(x-b)   =       a+x) 
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9a 


=  0,  &c. 


27.  .-. 


ISfcc-B 


27x-  18 
or  - 


-  12 

-  18 


_i_ 

isjz^s 

.-.  27a;-  18-0. 


28.    Sum  of  first  two  fractions  is 

l 


/T^TTTa  *''  *  is  a  factor> 


29.         +  2  -   2i  +      -  =  3   -   ~   &c. 


30.  Multiply  by  f  and  factor,  .-.  x 
2x*-  1 


§1.  Perform  divisions,  .-. 


-  19  4-  a;  ;  perform  divisions  .•. 


6(3x -l)(3x+l) 
65 


q- 


^7 

2(0-1)         2(a? 


2x         20  23  _2^ 

'     87"       ~$x-3  "  21 


'''x- 
19      1 


23 


10 


88.     /. 


34.   - 


or 


18a5  -  22 
13  -2x 

1 
3x-l    "   4x 

52x-23 


5x 


— ,  &c. 


16 


50a;-19 


— ,=-    .-.  3a5-l=0, 


-7  =  0,  &c, 
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5555 

4. 


86.  Sum  of  first  and  last  fractions  =  -  TIT\  ;    sum   of 

x2  —  (a-j-62) 

2»  f  1  1  ) 

second  and  third  =  -5  —     —  -t-*..'.2x\-  TTT?  +  ~~n 

x?  —  (a  —  i)2'  |a;a-(a  +  6)2     a:2  -(a  —  fe)2) 


Exercise  lii.,   page  150. 

.    (a)     /. 


2  l-t-«                     2a   ""    m-1 

(c)      '.    2ax  -    m+n 

"26  m-n' 

2,   (a)  (a -b).  (b)     0.       (c)  _^_    = 


a  —  x  b—x      '   a — b 


n  Q     ,       ma      b 

.*.  x  =  0.  6.  b  ,    —  ;  — . 

b       ca 


4.    (a)    .-.    (*-l)/_L_  _J_)  =0,  .'.x  =  l. 


(b)   -1.       (c)   ^'^  =    l+a?   =   _L,   ...  r  =  0. 
6— a;         6-|— c   "      6 

.  2a;  +  3  2.--  +  3 

&-  •  '     ir^ — ^~ r-o    =  — « — nt>   .'•  *=  -I'  «r  ~  1- 


-  1 


2(6  -( 
7.  Add  and  subtract,    .-.  y     =   Z-^  ;  divide  each  side 

by  V(*+y)    ...  g+y 

V(x-y}        '  x-y 
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8.  (a)  Subtract  numerators  from  denominators. 

.     2a;~7         x_±l      •    3  =  14 
4  4 

/')  Subtract  numerators  from  twice  denominators. 


.. 

15  15 

9.  (a)  Each  fraction  =  difference  of  numerators    divided    by 
difference  of  denominators  =  -ff  =  l.     .•.  x  =  2. 

(b)  Same  as  last  :  each  =  _?^8  =  —  1.     .'.  x=  ?|ff. 


10     (a)     21°^--73    -  2I°^3  .-.210*  =  78. 

*  ;    810.B-66   "  310^+80 

,  ,  v    mx  —  ct  —  b  mx  —  a  —  c  c-b 

(fn      _       —  —     --    —    — 

nx  —  c  —  d  "  nx—b  —  d  b  —  c 


11.  Take  difference  of  numerators   divided   by  difference  of 

b 
denominators,  and  each  fraction  =  1,  .'.  x  =  —  • 


as3+ax*-bjc+c         x3  -f  ax2  -  bx          c 

~~        "  ~ 


b 
—  b  =  x2  —  ax-{-b,  or  2aa;  =  2i,  x  =  •  — 


13 

A/(2a2-a;2)    "      A/a  2a* 

:    *_  =   JL     ..<a;  =  a)orO. 


,7(^2  -f«2)          fl-2  +  l  «1 

-1^2      ==    a»-l 


15.  Solve  same  as  12th,  .-.  12*  =  8,  a;  = 
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16-  •'•  ^ia;-lj  =  8i      ^1  =  27'  •'•*  =  13' 


18.  Solve  same  as  in  12th,  and  x  =  c-t-ab. 

9v'(23-l)  25         1/(2«-l)         100 

1  n  b ; —     •       -• - _  —     ffn 

—  3)     "'      12     '    '     - //o--        Uv  "          QQ  ' 


v/2s  _5_          _75 

20-  .'•  y/(3_2.r)    =      1    '       ~52' 


/> 

01      .   ~_y  \^_'  ~  _  71    . 

<bl.     .   .       ?>//rr_   i    u  i  A    '       _    i    i     ~       '  U  •   • 


22-  1-3  =  n  -  - 

^ 


n 


=   -r-  .-.  x=l-n(n  —  1). 
l/(x  +  c)          Vx  ac 

01         "  '-      —     •     *  —     . 

&*±.  7  ~~  f  »m  —  ; 

I/O  I/a  o  —  a 

25.  (a).  Each   fraction  =  difference  of  numerators  divided  by 
difference  of  denominators  =  5,  .-.  x  =  4. 

2  31 

=  -«-•'•  «  =3f,  ora;  =  13f 


/  x    r-     i,  f      *•  a  i«--a 

26.    (a).  Each  fraction=  -r-    =       /  —  r^.    = 

v/x-l-6 

Sx  -  1      A/3x 


a;  4a  /  aj  a  -f  6 

27.    —    =    TT-.  —  rs  >  A/-T-    =    -  1 
a  (1  +  a)8      >  o  a  —  b 
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28.  Divide  numerator  and  denominator  by  ^'(ux  +  1),  then  as 

usual    ^|4>   =   *±*          (4.+1H-2U&.&0. 
/  fix  —  J.          6  —  1 


29.  As  in  28,  1-  x/{l-  v/(l-aj)}  =  (l+a)-5-(l-«),  &c. 

30.  Square  both  sides,  then  a*-*-(xa  +  2oa:)  =  4fc-s-(6  -  1)2,  &c. 

31.  Proceeding  by  addition  and  subtraction  we  find 


=  &c 

Exercise  liii.,  page  153. 

1.  We  have  the  identity  a;  +  4—  (#-3)  =  7,  divide  this,  member 
by  member,  by  given  equation,  .-.  x  =  8. 

2.  Transpose   and  square  x=0,  which  satisfies  the  equation 

3.  £  =  3.  4    -\/x(Vm—  i/n)  =  m  —  n,  .•.  x—(Vm+\/n)2. 

5.  */bx  —  \/x=  —  \/(ab+bx)  square,  &c.,  x  —  ab-^-(\  —  2j/6). 

4  1  18962  !/o_    v 

6.  x=  -f-        1.  x=  -.        8.  x=  -         9.  - 


10.  (fe-f-z)2  —  (624-a;2)  =  2fta;   identically,  divide   this,    member 
by  member,  as  in  1  above,  and  add,  2(6  -}-#)  = 

Zbx 


_ 

.'.X=  2c2_2fe. 

11.  a:  =  i.      "12.  2a;-(2a;—27a)  =  27«  identically,  then  proceed 
as  in  example  1  above  v  =  18a. 

13.  Cube   by   formula    [VI]    I-x  +  l+x  +  3  ^(l-a:8)y  ,::  :i 
(by  substituting  cube  root  of  3  for  its  value)  =  3,  .-.  xz  =!£. 

14.  Cube  and  substitute  as  in  last,  .-.   8^/7^(9  -»»)=!,  I 

~  --  |_10A/T7 

*-  ±  3  V^T. 

4 

15.  Proceed  as  in  last  two  questions,  .-.  x=.±        v/  —  11- 


16.  x=  ± 
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19.  Proceed  as  in  example  3,  page  152,  (c— a— i)*  = 

20.  .-.  xV(a*  + 
&c.  21. 

22.  \  +  x—  {1+x  +  i/ (I— x)}  =  i/ (I— x)    identically;   divide 
member  by  member,   and  add  given  equation,  .-.   2y(l+x)  = 
v  (l-x)-l,  &c.,  x  =  Q,  -|*. 

23.  \/x   is  a   factor,    .•.  x  =  0;    dividing,   .•.    ^(^/x+l)— y 
(  \  x  —  1)  =  a-H  j,  ^|  'x  +  I),   and  \,  x  +  1  —  (\/x—  1)  =  2  identically t 


,  &c.,  x= 

24.  l+x  +  x2  —  (l-x+x-)  =  2x,  identically,  divide,  &c., 

•2 


,         , 
m  m  Vl—  m* 

25.  a2  -x-  -x2(a2-l)  =  u*(l-x2),  identically  divide,  &c. 


2G.  Reduce  first  fraction,  .•.    ^/ix+c=  , 

.-.  a;  =  (cw  —  an+c)3-i-&(n—  I)8. 

27.  2*2  +5  -(2z2-  5)  =  10    identically,    then    as    in    former 
examples.  2v/(2j;2-H5)  =  2^15,  x=±5. 

28.  3.r2-flO  -  (3^2  -  10)  =  20.  identically,    .-.2  /(3.C2  +  10)  = 

|/3,  &c. 


29.  3«2  +  9  =  (3a;2  -  9)  =  18  identicaUy,  &c.,  x  =  ±  5. 

30.  3a  -36-f«2-(2a-  26  +^2)=«-6  identicaUy,  &c. 
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31.  4a»-3&2-2z2-(3«2-3&2-aJ3)  =  a*-a;2    identically,  &o. 

32.  Cube  and  substitute  as  in  example  21  above, 

!-2a?)8+216a;i/2  =  0. 


33.  Equation  is 

we  have  identically  a+x—  (a—  x)=Zx,  divide,  &c.,a;  =  fdV6. 

34.  Eemove  the  factor  ^/x,  and  reduce  the  fraction,  .-.  x  —  Q. 
Also,  x  +  2a—(x—2a)  =  4:a  identically,  divide  as  in  former  cases 
and  clear  of  fractions,  .-.  2(#+2a(  = 

4 

— 

35.  »  = 


36.  (2a+aj)2  +ft2  -  {(2a-ic)2+62}  =8ax  identically,  .•. 


Exercise  liv.,  page  157. 

1.  Eight-hand  member  is  (x2  —ax-\-a'2)(x  —  b)  ;  divide  by  cor 
mon  factor  and  clear  of  fractions,  x2  -}-ax-{-a2  =x2  —  68,  .'.  *=  > 

2.  Bight-hand  member=(x—  6)( 

a*-2ax  =  xz—  62,  &c. 


(a-  6)«2  -  2^a2jf« 


4.  Eight-hand    member    is   2a6(a;+6)a;2  ;    left-hand    member    \ 


-  +b)(a+b) 

factors  into  --~  •'•  ^+^  »  a  factor,  &c. 


a?—  c         a+b) 


x  —  b   "   a-\-c  ' 


ab        f      ab  )  f  ft/ 

-    ^l  \&=w~  'in 

• 
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6f2fl-a) 


.'.  z  =  ai-:-(6  —  a). 

7.  Denominator    of    left-hand    member   =  (a;8  —  Sax—  a2) 
(j;2-f  3aar-a3)  ;  invert  both  members,  .-.  x2  —  3ax  —  a2  is  a  factor 
giving   x  =  ^a{'3a+T/l'3)  \    result  of  division  is  z3  —  (2a-|-l).e  = 

as 

-T.  &c. 

8.  Equation  may  be  arranged,  multiplying  by  2,  thus  : 


x  —  a 


Ix  — 

-2.   —  -  —  }-x  —  a  =  0,  where  x-a  is  a  factor,  &c. 

\x+a]  x+a 

?.  Right  hand  member  =  x3  -(a 


10.  Transpose  negative  term  in  right-hand  member  and  com- 
bine  the  fractions  .-. 


11.  Multiply  through  by  abc,  then  a+6-|-c—  (a2-f  b2  +c2)x  = 


12.  Transpose  and  combine  terms  involving  —  -  —  •  x- 

abc    ' 

(a  -  b)(ac  -  26)-=-(a-f-6)ac. 

13.  x3  +  (6+c)3+36(6+c)j-63=0,    .-.  x+b+c-b  is  a  factor. 

14.  As  in  last  example  -tyx—  ^a  —  -tyb  is  a  factor. 


-4)  =  0r  .-.  a;2-4  =  0,  &c. 

'  1  g      ^ 


a-b} 
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17.  The  equation  can  be  put  in  the  form 
a~b 


is  a  factor,  &c. 

(2z2 
lo. 


or  2x*- 


20.  Proceeding  as  in  last  example, 

8(2a?-10)  ~x± 

(x-I)(x-5)(x-~9) =  (1T^T)(^9)  °rx*  = 16' ** ~ 16  =  °'  &c' 

21.  Add,  term  by  term,  the  identity  used  in  example   3,  page 

1  K  K       4-1-.  "•**  &JC  Q,  — j—  C 

(a-b)(e-a)   "   (b-c)(c-a)    "'"'    (a-b)(b -c)(c-a) 


22.  As  in  example  4,  page  156,  left-hand  member  = 
S(x-a)(a-b)(b-x)  =  x2—  a2,  x  —  a  is  a  factor  '. 

Also  je=(3afc-362-a)-:-(l  +  3a-3/<). 

23.  Left-hand  member  is   ^_^!M^)  which  =  2a  .-.  a;  =  «. 

24.  First  member  vanishes  forz-fa  =  0,  a +6=0,  and  x  —  6=0, 
and  becomes  3(x+a)(a-\-b)(x—  b)  =  &c. 

25.  Left-hand    member    vanishes    for    6  =  0.    x~a  =  0,    and 
a  —  b  =  Q  ;  numerical  coefficient  is  found  to  be  6,  .-.  6b(x  —  a)(a- 

=  (a-  b)c2 ,  x  =  (c*  +  6a6)-=-66. 


" 
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26.  First  member  vanishes  for  a—  6  =  0,  a  +6  =  0,  x-a  =  0,  and 
numerical  coefficient  =  6,  .-. 


27.  Clear  of  denominators,  x{x3+a3  —  (x3—a3)  =  a4,  .•.  x  =  ^a. 

28.  First  number  vanishes  if  x  =  0,  a  =  0,  or  6  =  0,   .-.  abx  is  a 
factor  ;  one  linear  factor  remains  which  must  be   symmetrical  in 
a,  b,  x,  and  is  .'.  x+a  +  b  ;  numerical  factor  is  found  to  be  12,  .  . 


a  c 

29.  Arrange  thus  :  -^-  —  7-    +  T^  —    -  +  -=  --  r 
a3  —be         o8  —  ca         c*  —  ab 


\  I 

(  \a8  — 


1 
(a8_ 


7-   +  -j—r  +anal.+anal.  [  = 

be         ab+bc-t-caj 

a*+ab+ca 


_ 

T^  -L  6TTT^  "  ^--~ab)>  where  "* 
quantity  within  the  {  }  is  common  to  both  members  of  the  equa- 
tion; strike  this  out,  and  x  =  (ab-}-bc+ca)-*-(a-\  b+c). 

30.  First  member  vanishes  if  b—  a2  =0.  and  by  symmetry,  if 
x  —  h3  =Q,  or  a—  z8=0,  and  the  numerical  factor  is  found  to  be 
-1,    .-.     -(b-a*)(x-b*)(a-z*)=(a-  x*)(b  -  a*)(b+x»),    .: 
a-x2=0,  &c. 

31.  l+x+x3  is  a  factor,  and  .-.  x=  —  i  +  iv'-S;  also  from 

1+x+x*         ax+l 
the  quotient  we  get    =-       —  2    =   -  ;  —  r,    add   and  subtract    :. 

±.  ~~"  £  ~p  «C  '  O,'  —  1 


=  aa;,  «sc. 


82.  Transpose,  square  and  perform  division  in  left-hand  mem- 

a  -b  lia-bf       a-6  1          1 

ber  then  —  TT  =           -r~  )  +  divide  by  a  -  6  .  .  --  7  - 

as-j-t          4\x+c/        z+c  x+b    x  +  c 


a  —  b  c  —  b  a  —  b 

•  >  or  ~ 
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33.   Complete  the  divisions,  square  and  transpose, 


a—  b  c  -  b  a—b 

'  °r 


34.  Factor,  then  1/{(»+12)(a5  +  15)}  - 


\/(a;+15),  .-.  («  +  ll)  v/(aj+16)  =  (a?+12)l/(a;+U)l  square 
then  o;2+29a;+201  =  0,  *  =  i(-29±  A/37). 


35.  Put  a+a=m,  and  -i/(»24-2aic+262)=n,  then  (m 
(m  —  n)3  =  14?n3  or  2w(»n3  +3w8)  =  14?»s,  .•.  n2  =  2m3  restore  the 
values  of  m  and  w,  and  2a;2+4aa;+2a2  =a;2-j-2aa;  +  263,  or  (a;  -ha)3 
=  26»-aa,  &c. 

86.  Left-hand  member  is  of  the  form  (a;  +  y)  2  +  (a;  —  y)a 


37.  Put  #+«  =  ?»,  anda;—  i  =  w,  .'.  a-f^  =  w—  n, 

m3         2m—  w     ... 

.•.—=-   =    »  -  which  gives  w  +  n  =  0,  or  2a;-|-a—  o  =  0, 
n3          2w  —  m 


38.  Factor  first  member,  .-.  B(x  -  l)(89.c»  -  120*+  98)  = 

27  (a;3-!)  .-.  *-l  =  0.    Also,  13a;2-40a;+3  =  3x2  +  3a;  =  3! 
or  10«2-43a;+28  =  0,  or  (£c-4)(2a;—  7)  =  0,  .-.  &o. 

39.  Proceed  as  in  example  6,  page  156,  putting  y  for  cc3  -Qx 

_1  1  _2_  j4_ 

^"4  +  y—  9   "   y-16   ==   y-9 

...  4y2_6l7/=—  120,  y  =  |{61±1/1801}=a  suppose  .-. 
x9  —  Qx  =  a,  &c. 
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40.  As  in  last  eiatnple,  write  y  for  a-2  —  1x  and  equation  be- 

1  1  2 

comes  on  performing  divisions,  — n7    —   73  =  **> 

y —         y — -•*       y — ^o 

1111                    40          24 
or  Q   —   -+•   rr-    —    =  0,  or = » 

5-381 

or  — =   —    =   —  ID 

v-8         w-24          16  2    l  ' 


41.  Put  ar+rt-fc  =  w,  and  i/(a;2+a2  — i8)  =n,  then  the  equa- 
tion  becomes   (Mi  +  n)3  +  (m  —  n)3=8m3   which    gives    m  =  0,    .*. 
x+a-b  =  0:    also    r»8+3n2  =4w2/J3  =  wt3,    i.e.,     (a;+a-6)3  = 
x2+u2  --62,  which  gives  a;  =  6. 

42.  Factor  denominators  and  transpose,  then 

_       _ 

—  6     x— a  — 6J      a;— 


2a  -2b 

|-k-i-  ._    . .  —    .    -i       —  -  

b)(x-a-b)     (x-a+b)(x+a-b)(x+a  +  b) 


a 


a+b  —  x  a+6 

39  39 

43.    By  division  41     S+T    +7 


41  41   )      _J._        11 

x+2+      +x  +  3i  •''x+I+-- 
:.   2x-\-5  is  a  factor,  &c. 

44.  Divide  and  proceed  as  in  last,  then 

9  - 


or  51x7+863-61x20+ 


-3  -1 


-  5x  +4 
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45.  Take  first  and  fourth  factors  together,  also  second  and 
third.      /.  (x*+laas+6a*)(xa+7ax+12a*)  =  &c.,  or 


.".  x  =  %a,  also  =  fa,  or  —  2a. 

-I  p  o  o 

46.  Transpose  third  fraction-  777-  + 


6a     x  —  3a     x-\-a 
3o;+9a 


a:=,  &c. 


denominator.    "   denominator. 

Exercise  lv.,   page  160. 
1.  bc  —  (n-\-c).  2.  (a2-J-6— 2a6)  +(a+b2).  8.  (ad  —  be) 

•I-  (a  -b).  4.  a.  5.  Equation  is 

(a-b)(a— c]         x-a 


a    '  b-\-c 

-  2b(x  —  c)  =  2a2,  .-.  x  =  c  ;  or,  first  member  becomes  2aa  if 
7.  (m+a){a-{-(b  —  x)}  +(a  —m)(b  —  x)  =  a(m+b), 


8.  m{(a+b)  —  x]  =n{x  —  (a  +  b)},  .'.  (m-^-nx)  =  (m+w)(a+6), 

.-.  a;  =  a  +  6. 

9.  m3—  w2  — 


/I  1  1  \ 

10.  By  divisions  -    +  -    •    =0,  .*.  «  =  0. 

J  \m  n  pj 

xxx 

11.  Divide,  and  transpose,  -  -   +   -r-   +   "  ~ 

Ctf  0  C 

.'.  x  =  abc. 

12.  As  in  last,  jc(a+6+c)  =  a2+fe3+c8,  &c. 

13.  x=a 

14.  x(a 
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1 


a  —o 


ab    f  ab  i      ab  \  ab 

°r  Sc+ 


12  51 

17.    -         y,x=  18.  ^    ..    12.-.S-6. 

19.  Equation  reduces  to    —   =   —  ,  .-.  x  =  4. 

a;  4 

20.  Transpose  last  fraction  to  left-band  member  and  combine 
the  three  fractions. 

.'.6  =  7+  -^,,.,=  -140. 


21.  (10  +  3  +  7)-^2(x+3)  =  i,  .-.  aj=17. 

22.  Transpose  second  fraction  of  left-band  member  to  rigbt- 
ud,  and  take  tbe  tbree  fractions  togetber. 


8z-15     "    15 

1  1 

/j/y  I  / 

23.     x— - 


x          ax -{-I 


25.  a;  =  3i;  a;=0.  -  26.  *  =  8J}. 

27. ;  as  second  equation  stands  it  is  a  quadratic  ;  rigbt- 

a  +  b 

band  member  sbould  be  c2— x2,  tben  x  =  (ab—c*)  -s-(a+b). 
28.  x=—  b',  x  =  a.     29.  x  =  0]  x  =  0.     30.  x=l(a+b  —  c). 

81.   a;  =  — —        32.  a;  =  d.     Equation  becomes   an  identity 
a+b 

wben  a-of  =  0. 
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33.     a-b 


o,     x+S         x2  +9^+20  6 

d4.    —  _    _     _^  -  _!__    .-.  by  division  _  _  __ 
x-S         x2+3x  +  2  x-3 


=    (6aj+18)-f-(a:»+3a;+2)     .-.  a;=-3j. 
35.  Apply  formula  J3. 


36.  As  in  last  Ex.,  x—  -3f. 

37.  Equation  reduces  to  50  =  54,  .-.  there  is  no  finite  value  of  a:. 

88.  Apply  formula  B,  x=W. 

89.  Apply  formula  B,  x  =  abc  H-  (ab  +  bc  +  ca) 

40.  Apply  formula  £,  x  =  (ab  +  bc+ca-ad-bd-  cd)  ~ 


41.  Apply  formula  B  to  obtain  product  of  second  term, 


{(a-b)(a-c)+(a-c)(b+c)+(b+c)(a-b)}x+(a-b)(a-c)(b+^ 

=  (a*+bc)(b  +  c),  or 


42.  Eeducing  as  in  last  example,  the  coefficients  of  the  third 
and  second  powers  of  x  cancel,  and  we  have 
(ab+bc+cd-ad-b*-c2)x  =  bc(d-a)  +  (a-b)(b-c)(c-d),  &o. 

43.  As  in  last  example, 


44.    x3—  2x*(a+b+c)  +  4x(ab  +  bc+ca—  8abc-x* 


abc—  (a  +  b)(b-\-c)(c+a).     And    since   («-{-&)(&+c)(c-f-a)  = 
\       (a+b+c)(ab  + bc-\-ca)  —  abc,  the  equation  becomes 

— ab — be — ca)  =  (a+6+c)(c2-f-62+c2  —ab  —  bc — ca), 
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45.  Reduce  as  in  last  example,  then  x(a-+b2+c*  —  ab-bc  —  c 
=  (a  +  b+c)(a!i+b!i+c*  -ab-bc  —  ca),  .-.  x  =  a+b  +  c. 

a  +  b+c          1  1          a+6+c 

46.  abcx—  (ab  +  bc  +  cfl)-f-  -  —  —     —    -3   +   —$    =          ~      ' 

•I/  w  9D  •** 


47.     '2 


48.  ax(2b  —  c-ab)-  b(c  +  ab)  =  ax(  —  '2lac  —  ab-c)  +ac(ab  +ac), 


49.  By  division  and  cancelling, 

5  22  31s-  164 

'  '  ~  = 


x-4: 

where  the  denominators  of  both  members  are  equal  ; 
.-.  27*  -128  =  31a;  -164,  *  =  9. 

5  2  3  5  1          SOe-S 

oU.      —  — 


8       '    3+1  2»        2a:-2          6          6x3  -  6 


..    __ 

6(x2-l)   '      6(a:2-l) 

51.  Complete  the  divisions 

13  6  22a;+6 

2a:-9   '      'x+3     ~    2««  -  3aj  -  27  ' 
where  denominators  of  both  members  are  equal  ; 


45z2-49a;+26 

=   5;   —  4x=  —  ID,  x  =  4. 


53.  Taking  together  fractions  of  like  denominators  we  have 

5  4  3 

Sx-7  ~  2x-5   +  9x-25   ~     ' 
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54.  (a)  Divide  by  x,  .-.^  =  0;  quotient  is 

3  4a;2-f2     ,.  ., 

_  -   =    -  —  ;  divide 


_ 
1-fz  l-x 

17  8     \  6 

-  (T+T  +  i  -x!  -  x^i' 

/7\      x  —  a  x  —  b  b  —  a       ,  ,» 

(0)     -    =    --  —    =    -  ,  x(n  —  m  +  a  —  b)  =  am  —  no. 
x  —  m          x—n  n—m 

If  the  sign  between  the  quantities  is  +  (as  first  given  in  Hand- 
Book)  the  equation  is  a  quadratic,  and 


65.  (a)  x  =  ^.         (b)  Completing  divisions, 

a  c  be  c  a  ab 

i  i" 


c  a          a(ax  —  b)  a  c  c(cx  —  b) 

ft  /      o  o  \ 


a(ax—b)  c(cx  — 


56.  Multiply  terms  of  first  fraction  by  2x,  those  of  second  by 
Sx,  and  those  of  3rd  by  6x,  then 

Sx  —  2         2x  —  3         9.r  —  4x  Wx  5x 

-,  or 


to+2)(2oH-3)    "   4+6* 
.-.  x  =  Q,  and  (3aj+2)(2as-l)  =0,  or  x=  -f,  and  ±. 

12  12  132  2x-ll 

57.  By  division  —^  +   -^-.    =    g    _2g '  or  (  _7\/   _4\~ 

11  2*  2 

i    =    -o — H^   =    -  -7,  .-.  lla?-66  =  10a;-56,  a;=10. 
5aj  — 28         x*  —  vx         x—b 

a  ap  c  cq  a       c 

58.  (a)  By  division  - — f — 7 —  — .  = 1 — 

v  '       J  .        m      m(mx  —  p)      n      n(nx—q)      m       n 

Before  dividing,  both  members  may  be  multiplied  by  mn  to 
avoid  fractional  quotients. 

a  ap+mb  c  eq+nd  a  c 

iJ  \          •          _,_     *: _1_       Ll_  _  — •          ,  _L       — 

*'     m.        m(mx—p)  n          n(nx.—q)    '      m 


~ 
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—  mp(cq+nd) 


apn 


a+b          a~c 


KO    /  \  -D     j-  •  • 

59.  (a)  By  division    -      -    + 


0 
x+a          x  —  e  x* 

.'.  (a  ±b+a  —  c  —  2a)x  =  —  ac+ab-\-ac  = 


a+b  b  +  c  a  +  b  c  +  b 

'  '      x—a  x—b  x—c  x  —  c 


- 
x  —  a  x  —  c!  '      x—b  x  —  c 

(a+b)(a-c)         (b+c)(b-c)_ 
°r  (x-a)(x-c)   "  (a:-6)(«-c)"'  x 

2_2 

=0,  or  (a2+b*-c2+ab-bc  —  ac)x  = 


=  0. 


a?  —  c 

{a»  +  (6—  c)a-ic}+a(6»-c»),  .-.  &c. 

ax  b  bx  ax 


(ax2  -  25)6 


/>i     T»     a-  •  •         rt              ap—mb  c             cq  —  nd 

61.  Bv  division,  —  _i_   —  z-  -  -  +   —  4.  —^  -  _i_ 

m           tn(7nar—  p)  n          n(nx—  q) 

(bn-\-dm}x  —  (bq-\-dp)          a  c 


a  c 

(mx—p}(nx  —  q)  m  n* 

.'.  (apn^  —  cqm2)x  =  mpcq+apnq,  .-.  &c. 

2.  Take  together  the  fractions  whose  numerators  are  alike, 

(1  1     )  f     1  1     ) 

;hus,    TO  J  ---    _    -  !--{-n.!  -  _   _   -  1    4. 

(  x—  a  x—c)  (x—b  x-a) 

l  JL.1     -  o     or       m(a-c}  "(6~a) 

-«  x-fej  (*-a)(a;-c)   "   (a;-a)(a;-.6) 

_L  _  =0.  Clear  and  transpose  : 

h    x-cx-i 
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-a]+p(c—V)} 


b},     .•.  x=&,c. 
03.   (1)  By   subtracting   numerators   and  denominators  each 

fraction  =  a~±,  .-.  by  (5),  page  122,   _a.Z*      =   .   * 
a+b  ax—'2b          a+b 


(2)  Multiply  terms  of  first  fraction  by  ox,  and  those  of  second 
x  —  a         ax  — I 


-      -    -   -      -_, 
x+a         ax+l 


, 

by*,   .'. 

xa         ax 

(B)    2a2-  3s+15         _2_         2*f         8a?-5  31^ 

"         T     =   7^    ::    4a?-2'  •'''  x  =!    13 


64.  (1)    Proceed  as  in  last  Ex.,  each  fraction  =   .      —, 

.•.  x  =  (ap  —  cm)  -4-  (an  — bin). 

(2)  As  in  last  Ex.  each  fraction  = 

ax—d  d(n—q)  —  q(b  —  d) 

•  " .  x  == 


mx  —  q  a(n—q)  —  m(b  —  d) 

65.  (1)  Multiply  terms  of  first  and  third  fraction  by  four. 


(2)  Transpose  and  add,  .-.  §x-s-  (f  —  cc)  =  |  ;  a;=^. 
66.  By  transposing,  2 


71        1  1     \     or        21x142  71x42 

*  I  S*.     »  N'  .  \     I       * 


a;-52/'        (*-98)(a;+44)    "    (* 

.-.  denominators  are  equal 


-  94        aH-44         138         _3_      .  aj  =  100 
=  ' 


a;-98         ic-52          46 

719  3  6a;-78 
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(2).  As  in  66,  take  together  the  fractions  where  numerators  are 
alike,  then 


s-81         x-15          66_ 

a?—  51    "~   x+81    "      T62~'*'  ' 

5  1  8  4  4y-44 

a;_6  ~a;-10~  aj-7~z-9'or  (x-6)(x-10 

4z  -44 

/       -w       m   •*•  4a;  —  44  =  0,  x  =  11. 
(*-7X*-») 

1  5  4  8  4.g-28     4g-28 


69.  (m-«)  f—  ---  ^TV)  =  (a  -6)1       !—  -—  ^ 

Ma;—  a      x-b}]  J\x-m)      x  —  n 

(m—n)(a—b)     (a  —  b)(m—n)          x  —  n       .r  —  b       b  —  n 
(x—a)(x—b)  ~  (x  —  m)(x—ri)  '  '    x—a  ~  x  —  m~ut—  a 
(by  subtraction),  .•.  35  =  (0+6—  m  —  »). 

70.  Transpose 


—  6    " 

Combine   the  two   fractions  of  first  member;    also  those  of 
second, 

x(a+b+c+d)-(a  +  b)(a+b+c+d)  -b(a  +  b)  -  b(c+d) 
(x  -  b){x-  (a  ~ 


Divivide  by  a 

x  —  a  —  26  x—  a  —  2<? 


(x—  b'){x—  (a+b+c  +  d)-^b}    ''    (x-c)\x—(a+b+c+d)-c\ 
_  2(6  -e)  _ 

(b-c){x-(a+b+c+d)+b(x-b)-c(x-c)b?  ^traction  of 

(26  -c) 


mmerators  = 


(b-c)  {x-  (a+b+c+d)  +x(b  -  c))  -  (6+c)6  -  c)' 
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x— 


-  by  cancelling  b  —  c, 
—  o—  c    J 


x-a-Zb 


*•    (x-b)(x-a-2b-c-d)   '~ 
Multiplying  by  x  —  a  —  2ft—  c—d, 


-  a-  26  -  2c 


2(x-b) 

x—a-  26 
a-6 
x-b 


substitution, 


invert  terms 


x-b 


x-a-2b    '       2c  +  2d       '    a- 
by  subtracting  terms  x— b  =   — 


a—d 


a  —  d 


a  —  d 

71.  The  first  number  vanishes  if  x  —  a  =  0,  and  since  it  is  sym- 
metrical with  respect  to  x,  a,  b,  it  will  also  vanish  if  a— 6  =  0,  oij 
b  —  x  —  0.  Since  the  expression  is  of  three  dimensions,  x  —  a,  x—l\ 
and  6 — x  are  the  literal  factors  of  it.  Yut  x  =  Q,  a  =  1,  6  =  2,  anc| 
we  get  the  numerical  factor  —  6.  .'.  the  =n  becomes 


(x-a)(b-x)  =        , 

D 


2   \ 

-  T      =    0- 


a  +  b 


J("-6)2        ^2)( 

^~T~     '  TI 


a+b  /(«-6)2 

9  "V       7  «~ 
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72.  Both  members  vanish  if  z  =  0,  .-.  this  is  one  solution. 
|  Since  first  member  is  symmetrical  with  respect  to  the  letters  x, 
la,  b,  .-.  it  will  also  vanish  if  a  =  0or  b  =  0,  .-.  abx  is  a  factor. 
I  One  factor  of  two  dimensions  remains,  which  must  similarly 
I  involve  x,  a,  b.  It  must  therefore  have  the  form  m(x2+«3  -h/>2) 
|  +  n(xa  +  ab  +  bx).  We  have  to  find  m  and  «.  Writing  first  part 
I  thus,  {x-\-(a  +  b)\5,  and  expanding,  we  get 

x*  +  5x*(a+b)  +  10x*(a  +  b)*+10x*(a  +  b)*,  &c. 
\Wi;3(a*\-b)2  has  for  its  second  term  ZQabx3  or  20a;3(afo;).     This 
IJ  is  the  only  term  of  the  expansion  of  the  first  member  containing 
Ia6x3,  .-.  w  =  20.     Also  second  term  of  l(Xc2(a  +  A)3  is  3Qx3a'~b  or 
''vi.    •.  «  =  30.     Therefore  the  equation  becomes 


Cancel  lOabx, 


which  gives  no  result,  since  the  terms  involving  x  vanish, 
.'.  ar  =  0  is  the  only  solution. 
_„     (m  —  n}(x— a)         (n  —  p)(x  —  b)         (p  —  m}(x  —  c) 

it-  **     \     *»  f»     \     I*  "™ ' 


Also  (7/1  —  n)  +  (n—p)+(p  —  m)  =  0,  identically.     Subtract  this, 
term  by  term,  from  the  left-hand  member, 

.-.  (m-  a  —  l)  +  &c.  =  0, 

•b  4-  c         I 

.-.  x  —  (a+b+c)  is  a  factor,  and  x  =  a+b+c. 
74.  Transpose  and  arrange  thus : 

6  1         \    . 


a&  +  be  +  ca  a 
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1  1  abcx 

•>    i    <-.\"i  ~i  i  „    i    JA     ••     77E    i    i .  ~i    ~ " =  * 


oic 

75.  Transpose  and  arrange  thus  : 

/     ff  9/1  \  /        -V  9/i  \  !       ,V»  Oy«  \ 

I    •*'    ,     £i'l-  \  i      Ji>         ^JL/  /      j;  —  ,4(f; 

(b^Ta  "?/+  (cT^Tj  ~  1)  +  (^+6^"c  ~  X )  = 

ic  —  a  —  6  —  c         x  —  (i\  —  b  —  c         x  —  a  —  b  —  c  » 

b+c  —  a  c+a  —  b  tt+b-c 

:.  x  —  a  -b  —  6'  =  0,  x  =  a-\-b-\-c. 

76.  Transpose  and  arrange  as  in  last  example, 

j~-^- -1+&0.  =  8    (    .X.  .     -  l)» 
o-f-c  — a  \«  +  o+c         / 


a  —  x  1 

5— 

2  —  be         a  +  b 

ab-\-bc+ca  —  x(a-\-b-\-c) 


— 

77.    -5—  -  +&C.+&C  =0,  or 

a2  —  be 


x= 

78.  Combine  the  fractions  in  pairs  as  they  stand. 

-  c) 


(b+c+a)(b  +  c-a)    "    (a-{b-c})(a+{b  -c}) 

-c)     4bc 
'=s 


a  b  a  —  c  b  —c 

79- 


x+a+b—c     x-\-a-}-b  —  c_ 
x+b  —  c  x  +  a-c  x  +  i>  x  +  a 

,\  x  =  c  —  a  —  b, 
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81.  Let    x*-llx  =  2i,    aa-0a  =  n,    and  &3-t-13  =  ?n,   then   the 
uation  rednces  to 


,  or  48z-|-540  =  540, 
.-.«  =  0.  i.'-..x*-llj:  =  .),  .-.  x  =  0;  or  11. 

Exercise  Ivi.,  page  172. 

1.  A  =  0,  or  #  =  0.         2.  ,4  =  0,  or  5  =  0,  or  C=0. 
3.  x  =  0,  or  a  -6  =  0.  4.  ^  =  0,ory  =  0. 

5.  In  the  first  case  either  x  —  5y  =  Q,  or  x  —  4^+3  =  0;  in  the 
second  c^se  both  conditions  hold. 

6.  x  =  0,  or  x=<i.  7.  x  =  0,  or  x=  —  b. 
8.  x  =  a,  or  x  =  c  +b.  9.  x  =  0,  or  a;  =  3. 

10.  £  =  0,  or  x  =  >/+b.          11.  «  =  0,  or  x2  =<**,  .-.  a;=±a. 

12.  a?  =  0,  or  xa  =  ^!  /.-.  x  =  —}  . 

a*\  a) 

13.  x  =  0,  orx  =  a.  14.  x  =  0, 
15.  x  =  0,  orx  =  a  +  b.  16.  a:  =  0,  o 

17.  -(a+b)x+ab  =  ab,         x=  -(2a6)  - 

18.  (a;-a)(a;-6)  =  0,  .-.  z  =  o,  or  6. 

19.  (x-  a)(a;  —  6)(z  —  r)  =  0,  a;  =  a,  or  b,  or  <?. 

20.  x  =  5.  21.  (j;+30)(a;-l)  =  0,  *= 

22.  (z-21)(a:+4)  =  0,  .-.  x  =  21. 

23.  (3x  -!)(«-  3)  =  0,  ar  =  i,  a:  =  3. 

24.  (x-9)(a5-4)  =  0,  x  =  $,  a;  =  4. 

25.  (x-l)(a;4-2)(x-3)  =  0,  .-.  x=l,  or  3. 

26.  -2 
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.*.  (x  —  a)(x-b)  =  0,  and  x  =  a,  or  6. 
or  a(a  —  x)  +  b(b  — x)  =  0,  x=  (a2  +  b2)  -f-  (a+b),  x  = 
or  a(b—x)-b(a—x)  =  Q,  x  =  (2ab)  -r-  (a +6). 

.'.  «  =  a,  or  6. 
» 
81.  (a-l)2-a(a;a-l)=0,  or  (x-  l)(*+l-oaj-a)  =  0, 

.-.  ic=l,  or  (1 +  «)-=-(! -a). 
32.  (*-«){*—*)--(»— a)(c^«)  si 0,  .•.«  =  «, 

.-.«:  =  a- 6,  or£(&+c). 

35.  (a? -a-  _\ 

>,  or 


36.   {(a-f6+c>-a}{a;-l}=0,  .'.  «  =  ~TC  or  1 


a+i—  a;         a+6  — 5         a;  — c 
c  a;          "  a?— c 

38.  (a-s 


or  (a-x)(a  —  2b+x)  —  2(a— x)(b-x)  =  0, 
=  0.  .-.  x  =  a,  or 


39. 

.•.  (x+c)(a  +  b-\-c  —  x)  =  Q,  .'.  x=  —c,  or  a 

w — n 
(x  —  l)(nx+n-px-m)  =  Q,  .-.  a;=l,  or  ~^~' 


41. 
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ax*  —  bx+c  c  ax2  -  bx 

n>x-—nj:+p  p  mxs  —  nx 

ax  —  b  c  nc  —  pb 

wx  —  n 


ax2—bx+c          a-b+c 


mx2—nx+p   ~~    m  —  n-\-)t     ~   m(x2  —  1)  —  n(x—  1) 

ax-\-a—  b  a—b-\-c  ax~c 

mx-\-m—n   ~~   m-n+p         mx—p 

p(a  -  b)  —c(m  —  n) 
~  m(c  —  b)  —  a(n — p) 

43.  By  transposing,  -ix'+a2—  b2  -2(a+b)x-2(a  —  b)x  =  0. 


a*-4ax-b*=Q,  or  (2x-(t)*  —  b*  =0, 

,  or  i(6- 


—  2a; 


2(a+e—  ft-a;)          (a+c  —  6  —  x) 
~2a+2c-a;)  ' 

-a;)(4a+4c-3a;-2fc)  =  0,  and 


—  i,  or  x= 


5 


.c     7a  —  b  —  3x         5a  —  3b—x         ,         ,,       ,.         ,. 
46.  -   =    -  —     —  —-  ,  .•.  by  subtraction  of  terms, 

6a  —  ob+x         Ta  —  b  —  ox 


lla-lb 
x  =  a+j,  or   --  . 

5 
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3a+b-x 


t     .-.  as  in  last  Ex., 


; 
,    .-.  x  =  4a  4-0,  ora 


47. 


-  3x 

48.  c(6  -  c)x2  -b(a-b+b-  c)x+a(a-b)  =  0, 
{(6-  c)x-(a  —  b)\{cx  —  a}  =U, 


a  —  a 

_  ,  or  — 

b—  c          c 


49.  Equation  reduces  to 


50.  Equation  reduces  to  (use  formula  -B) 

2(x4  —  13z2  +  84)  =  96.  or  a;*  -13a;2-f-36  =  0, 
or  (x2-9)(»2-4)  =  0,     .-.  x=+3,  or  +2. 

51.  Proceeding  as  in  the  last  Ex.,  the  equation  reduces  to 

2(«*—  40*s  +  185J+18  =  0,  or  z4  -  40o;3  +  144  =  0, 
.-.  (z2-36)(a;3-4)  =  0,  and  x=  ±6,  or  +2. 

52.  *-8+--  =0,  ,.  (a;- 


.'.  x  =  3,  or-g-' 


53.  x 


a+b 


a —  b 


a+b 
a  —  b 

a+b 


_JL 

a+b- 
a^b 


=  0,  .'. 


1- 


^jj   =0, 
a  -  b/l 

a  —  b 


=  — T  or  x  —   ~~rj" 
a—b  a+b 


54.    «- 


(1    \ 
—     T"  I     A  a 

•  -I  /-^«-T-  or 
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55. 


-s+n:-T-°- 

0  -fa;          2 


_2f<       T  =  0.and 


jc  =  6  — 2a,  or  a  — 26. 
56.    Let  z  =   a~,  the 


equation  becomes  z  —  —  4.  — 

u  Z 


1  =  0,    or(Z-f)(l_   1;- 
o 


=0,     .-.*  =  $,  and.$«=l. 


or 


1  '2      i 

Eestore  values  of  z,  and  x  — 


67.    a^-    -   —   -   a~x   4.    ™.  =  0,     .-.  as  in  former  cases, 
i  *^  ^  6*4"^          7i 


_0 

58. 


_   —   _  ,     .. 

6  +  a;          n          6+ar  n 

x  =  (mb+na)-T-  (m+n),  or  (ma  —  nb)  -r- 

a           »           TO  a8+£2 


a;  a 


(<i+ar)3         m  +  2ra         a  +  x  (  '  /"H-_2»\ 

(rt-^    =    m-2n    °r  a"-ar  =      \    w  -  2n/  ' 

=  1/{(/n  +  2n)-  v/(w-2n)}  -J-  i/{(w  +2»)+  A/( 


x-a 


a         i/(3c-2) 


~1     '    x+a 
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1>)}*          9  a-b  3 

{(a-x)-(x-b)}*    ''       1     •''    a+b-2x   =      T 
and  x=±(a+2b). 


63>        ~(x  —  b)(a  —  x)        =   ~w~'  wni°^  ig  exactly  the  form  in  last 

i          a  —  b  v(m-\-%n} 

example,  _    _  . 

a+b—  2x   "  (/(m-2n) 


64.     (     ;T]     =  (^1     .:-—  .-  -    a  + 
\a  —  t>l        x-\-b 

a2  + 


65.  As  the  equation  stands  it  reduces  to  a  quadratic;  but 
change  sign  between  the  squares  in  numerator  of  left-hand  mem. 
ber,  and  between  the  squares  in  denominator  of  right-hand 
member,  and  it  can  be  solved  as  64. 


66 


.    (a-x+x~b)*          64 


x(a-x)(x-b)         '    15'  '  '  (a-x-x+b) 


a-b  8  4        ,  _     4 

'    a+b  -  2x   '     ~2~         T'  T 

3a+5&          3b-5a 
x  =   -  ,  or  -  . 


xy         c+l 
(a—  «)«    ==   c-l' 

kat+ax+x- 
4a2  — 

(2fl-fa;)2 


(2a-«»         c4         2a-a;          \/(c—  4) 
;  =  2a.  {v/(c+4)-v/(c-4)}  -i- 
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58.  Let  n  =  5-x,  v  =  x  —  2  (See  example  12,  page  170), 


v)*M>—  2t(*e*, 

81  =  17+36(5  -z)(.r-2)-2{(5-ar)(a;-2)}», 


(5  -*)(*-  2)  =  16  or  2,  .-.  z  =  4,  or  3. 

69.  (1).  u  =  x,  v  =  a  —  x, 

u+v  =  a,  «4-f-y4  =  c.     Proceed  as  in  last  example  and  we 


find  x*(a-x) 

C  +  rt4 


Ic+fl* 

\  —  —  = 


.-.  x(a  —  re)  =  a2  ±    \ — gj —  =  "*  suPP08e»  &c- 

(2).  Substitute  in  the  values  of  x  found  in  the  last  example, 
a  =  4,  and  c  =  82,  we  find  a;  =  3,  or  1. 

70.  Substituting  as  in  last  examples,  we  find 

or  (a-x)(x-b){(a-x)(x-b)-2(a-b)*}=0, 
.•.  a^  =a  and  x2  =b  ;  and  also  x3  —  (a+6)a;-^-(2aa  -a6-i-262)  =  0. 

71.  Let  u  =  a-x,  u  +  r  =  a-b; 

v  =  x—b,  u5-\-v5=c', 
.«,  (u+v)s  =  »5  +  y; 
or,  (a—  b)5  => 


-- 
Let  (a—  a;)(a;  —  b)  =  t,  and      .,    _,.     =r, 


a 
But  (as-a)(a;-6)=-«,  i.e.,  JC3-(a  +  6)a;+aA+f  =  0, 
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72.  (1)    Let  u  =  x,  u+v  =  a,   v  =  a—x,    u6-}-v6=as,  and  pro- 
ceed as  in  last  example,  then 

a6  =  a*  +  5as(a - x)x  -  5«(a—x)*x*t 

(a— x)x\x(a  —  x)  —  a2}  =0,  .•.  x  =  0,  or  a,  or  £ffl(l±i/  —  3). 

(2)  Proceeding  exactly  as  in  last  example,  we  find 
7776  =  1056 -f  1080(6 -x)x-30x* (6  -«)8 
sa(6-a;)3-36a;(6-aO  =  -224,  .-.  a?  =  4,  or  2. 

73.  Equation  is  (a—  x)2(x  —  b}z(a  —  x+x—  i)  =  a262(a  —  6) 

.•.  (a  —  x)(x—  b=  +ab,  .-.  x  =  0, 

or  a+fc,  or  i{(«4  b)  +  %i/'(a  —  b)2  —  4a6}. 

74.  Let  a  —  x  =  m,  b+x  =  n,  and  .•.  m-\-n  =  a  +  b  ;  the  equation 
reduces  to  ?«n{ms+w3+mn(m+n)}  =(w-fn)c,  or 

—  2>»n(wi+w)}-  =  (m  +  n)c, 
—  2?/m}  =  c,  or  (m-|-n) 3 «m  —  2w3w8  =  c, 


B 


suppose  .•.  a;2  —  (a  —  b)x+ab=*r,  &c. 
75.  Let  a  —  x  =  m—  z,  x  —  b  =  m  +  z,  and  .•.  a—  b  =  2m;  the  equa- 

w4  +  6m222-fz4     41 
tion  becomes  2  ,    2  —  =n?;X  4m2  or  5z4  —  Ilw2z2  t 

'r/i       "J"^^  —  U 

.-.  (5z3-9»i2)(z2_4m2)=:o,  .-.  za=w2,  andz=±mand 
z=+2?«,  .•.  a—  a;=+m,  or  3?ra,  =  —  i(a  —  6),  or 
-b,  or 


76.  As  in  last  example  let  a  —  x  =  m—  z,  x—b  =  m-\-z,  and  .*. 
a  —  b  =  2w  ;  then  substitueing  these  values  the  equation  becomes 

m44-G»i2  24-"4 —   =   "97   X  ^OT»  or  clearing  and  transposing 

63z4  -  1562w2z2  -  825m4  =  0,  i.e., 

(63s2 -j-13wa)(z2  —  25m2)  =  0,  .•.  z?=25w2,  and  z=  ±5m. 
And  a— a;  =  m  — z=  —  4»i,  or  6m,  .•.  a;=3a— 26,  or  86 -2«. 
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77.  Make  same  substitutions  as  in   last  two  examples,  and  a 
quadratic  in  z-  is  found,  .•.  z  is  known  =  t  suppose, 

.•.  a—x  =  Hi—z  =  m—t  =  $(a  —  &)  —  /,  &c. 

78.  From  same  substitutions  as  last,  z  is  found    =  t,  suppose, 
&c. 

79.  As  in  example  76,   a  quadratic  in  z2  is  found,  .'.  z  =  t, 
suppose,  &c. 

Make  same  substitutions  as  in  example  75,  aud  left-hand  mem- 
ber becomes  («4-f6wi2z2+w4)-5-(«2— w2),  a  quadratic  in  a2,  then 
proceed  as  before. 

81.  By  same  substitutions,  left-hand  member  becomes 


which  gives  a  quadratic  in  z2. 

82.  As  in  former  examples,  we  have  left-hand  member 


and  right-hand  member  is  known  ;  a  quadratic  in  z*. 
83.  As  in  example  76, 


a  quadratic  in  z3. 

NUTE. — For  full  solutions  of  these  and  following  equations 
see  Appendix. 
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Exercise  Ivii.,  page  182. 

lt  a;  =  7    7/  =  9.  2.  a;  =  2    ?/  =  !.  3.  x  =  8    »/  =  !. 

4.  «  =  9,  w  =  5.  5.  #=— 10£,  w  =  5£. 

6.  as=-2,  y  =  -J.  7.  *=-!,  y  =  l.      8.  *=  -2,  y=-B. 

9.  a;=  —  f    y  =  ±.  10.  #=—  i    V  =  J. 

11.  i  i         -6         | 

3          _4         _4         3 


a;=12,     y  = 


-4 

-1 

-18 

i 

+24 

-4 

-fi 

-25 

200 

X- 

12. 

i 

-i 

-1 

k 

* 

-1 

5 

k 

-4 

-f 

-i 

—  «• 

+!- 

2i 

• 

I     7 

2  1 

?? 

1         3^ 

» 

8 

-  9 

1! 

II 

13. 

*=10, 

y=12. 

14. 

*=12, 

15. 

«  =  18, 

y«18. 

16. 

x=-S, 

17. 

5 

-4 

1 

5 

1-7 

-2-2 

7-9 

1-7 

-11 

-31-6 

-1-7 

-6-8 

-2-2 

395 

-4-2 

)    -29-4 

-37-8 

7 

9 

II 

II 

« 

y 

=  15. 


141 


18. 

a:  =  7,  >/  =  -3.                    19.  x  =  l,  «/  =  3 

20. 

1             1             -*             1 

1-1             -i    .        1 

-1             -i         -1 

1             +£         -* 

-i     L  -i    ._-t 

+  A            -1- 
nil 

ii 
1            1 

*         y 

x='l.        //  =  8. 

21. 

88-38 

15          -4              -4           15 

-12          -32       -45 

12(>             12       -12 

—  132     |     -44        -33 

4               * 

II                    U 

1              1 

*          y 

*  =  3       y  =  ±- 

22. 

j._  ^     y__  9            23    f  —  -8     w  =  J 

25. 

50                3                     r,               so 
7                    Tff                                              T 

V°              9             -31              V° 

450                       93                                                 _  60 
-f                    tt                                                 7 

i                   —54                                          _   1550 

7                                                                                                    7 

44?                ,447                                        1490 

7                      1    10                                                      7^ 

-                                     10 
l  O                                              5 

II                                                II 

24.  .r=12  >/  =  15. 
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28.  a;  =  7,  y  =  8. 
31.  a;  =  5,     y= 
33.  03=13,  y  = 
36.  a;  =  7,     y  = 


26. 

*  =  8,     y=    9. 

27.  a;  =8,  ; 

y  =  l.         28. 

29. 

»=!!,  y  =  7. 

30.  a;  =17, 

2/  =  18.     31. 

32. 

x=-^,  y=- 

If 

33. 

34. 

Z  =  4f,        y  =  S£ 

r.   35.  x=U, 

y  =  6.           36. 

37. 

20 
8 

-15 
-12 

5             20 
20              8 

—  240 
•-120 

-300 
—   60 

40 
400 

-120 

|        -240 

-360 

2 

3 

II 

*  y 

38.  a;  =  5,  y  =  3. 

39.  In  this  question  the  second  equation  is  not  a  new  one,  but 
an  equation  that  can  be  found  from  the  other,  hence  x  and  y  can 
not  be  found. 

40.  1  +  .  2-  =  1   +      3 


x+i  y+5 

2  3 

2*  4-    -—  =  2i  +   — — 5 

41.    1  -  _L=  =  1    -    i,  1  +    -?-„    =    X 


0,     aj  =  7,  !/  =  '">• 

44.  z  =  0.  2/  =  0,  a;  =13,  ?y-ff- 

45.  Adding  three  equations,  ^+</+z  =  42. 
Subtracting  each,  a:  =17,  //  =  20,  2  =  5. 

48.  Multiplying  second  =  n.  by  2  and  adding 
15x  =  315,  a;  =21,  ;</  =  22,  «  =  28. 
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49.  From  first  equation  2x=  5y  ;  adding  second  and  third  equa- 
tion, %x—  J»/=  -3,*=  -15,  y=-6,z  =  -  8. 

50.  Multiplying  first  and  second,  and  subtracting  second  equa- 
tion from  the  result.  By  —  2f  z  =  0  :  y  =  $z. 

Substituting  in  third  equation,  z,  5  ;  y,  4  ;  a;,  3. 

51.  Adding  three  equations  x  +  y+z  =  37. 
Subtracting  each  equation,  x,  12;  ?/,  15;  2,  10. 

52.  Adding  three  equations  and  afterward  multiplying  second 
equation  by  3. 


2=1,  x—£,  y  =  3. 

53.  x,  |;    y,  H;    z,  f. 

54.  Multiplying  second  equation  by  7   and  subtracting  from 
first  equation,  20y=100  ;  y,  5  ;  x,  3  ;  z!  7. 

55.  Adding  all  three  equations,  I0a;=  110  ;  ar,  11  ,  y,  13:2,  17. 

56.  Adding  three  equations,  and  then  multiplying  second  equa- 
tion by  3, 


z  =  l,  y  =  3,  x  =  5.  57.  a;,  9;  y,  7;  2,  3. 

58.  Adding  three  equations,  and  then  multiplying  third  equa- 


tion by  4, 


4*=  29,  a;  =  7i,  y  =  8i,  2  =  9^. 
59.  Adding  three  equations, 


From  (3)       lx  +  'lly  +  'l\z=    91 


14x-  =  44  ;  x,  8|;  y,  21  ;  2,  H. 
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60.  Adding  1  and  3,  multiplied  by  2,  and  again  adding  second 
and  third,  we  have  two  equations  in  x  and  z. 

x,  2-3;  y,  3-4;  z.  4-5. 

61.  x,  30  ;  y,  20  ;  z   70.  62.  x,  8589°  ;  y,  ' "-«"  ;  z,  l^*  J 
63.  as,  30  ;  y,  12  ;  z,  70.               64.  as,  6 ;  y,  12 ;  z,  20. 

65,  a;,  5  ;  y,  2  ;  z,  0.  66.  as,  1 ;  y,  1 ;  z,  1 

67.  a;,  11 ;  y,  9  ;  z,  7.         68.  x,  5  ;  y,  3  ;  z,  1. 

69.  Multiplying  the  first  and  third  equations  by  3,  and  adding 
to  these  results  the  second  equation, 

^=7,*  =  2,  ,  =  3,  ,  =  1. 

X 

70.  Changing  sign  of  third  equation,  and  adding  all  three, 


71.          +         =5- 

x          y 


/._  +  _  +  —   =   9,    adding 
x  y  z 


73. 


J_   =    3;     »=*,  */  =  £,  «  =  ±.     72.  x,  5;  y,  4;  z,  3. 

a; 

£+3      3z  +  l      ?/  +  3  _   z  +  2 
a; -2  =3z-T'    "y+1  =  z+T 
5221 


:-2  ~3z-l      7/  +  1       z4-l 


y_  2z-l  =  0 
x=+l,  2/=+3,  z  = 
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74.  x,  2;  >j,B;  z.  1. 

3  18 

75.  Equation  reduce  to  —    +   -    -    =   9 

x  y 

3  5 

-  --  h  —    =  -2 
x  z 

21  5 

-T-T  =-8 

3 
-  —  =-1    adding  y,  3  ;  x,  1  ;  z,  5. 

7^.  r,  0:  »/,  1*.  z.  2. 

77.  Equations     reduce    to     .r  —  6//  +  3z  =  0,       5z-  ll.y  -z  =  0, 
2Lc+31</-f41z  =  13o;  from  which  y  =  360  -=-  349,  x  =  1755  -5-  698. 

78.  First  tevo  equations  become  2j;//+6;«5  —  4»/z  =  0, 
6xy+3xz  —  3yc  =  0,     .-.  5xz  —  3yz  =  0,     or  5x  =  Sy  ;    so  3>/  —  2  =  0, 
or  z  =  3^/.     Substitute  these  values  of  x  and  z,  in  third  equation 

=a;»  '  ;  ?/>  ^;  z.  i. 

79.  Eliminate  u  between  second  and  third  and  between  second 
and  fourth,  and  add  results  ;  10z  =  10,  z  =  1  ;  x,  5  ;  y,  4  ;  u,  '3. 

80.  Eliminate  it;  5jj+2y-3z  =  22,  *+4//-3z  =  ll, 


81.   u,  21  •  a:,  31  ;   >/,  41  ;  z,  51.     82.  M,  8^  ;  x,  7;  y,  4^  ;  z,  4. 

83.  M,  30  ;  x,  20  ;  y,  10  ;  z,  0. 

84.  u,  A  ;  3,  11  -i-  24  ;   jy,  £  ;  z,  1  -=-  24. 

85.  x,  270-5-117;  y,  -52--  117;  z,  15-=-ll7;«,  -126-117. 

86.  tt  =  j-=    =  z  = 


Exercise  Iviii.,  page  189. 
1.  y  =  (a'c  -ac>)  .  (a'b-ab').          2.  y  =  b(cn—  dm)-r-(ad  —  be). 

3.  y  =  b(d-c)(d—a)^il('>-c)(b—a). 
z  =  c(d  —  a)(d  —  b')-r-d(c  —  a  }(c  —  b). 

4.  y  =  cz+du+eit:  +a.r,   z  =  du+t'ic  -\-ax-\-  by, 
u  =  ew+ax+by+rz,    ir  =  (ue+b>/  +  rz  -i-  >lu. 
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5.  (1)  ..  ..±   +   JL    -. 

•///  n 

V 

(2)  •  — 

^  '  n 

x 

/Q  V 

IO)    .....,.,.,..-•• 

m 

2* 

—  =  a  —  b+e 

m 

x  =  $m(a-b  +  c),  y,  z,  by  symmetry. 

6.  (1)     x+ay4-bz  =  m 
(2)     bx+y+az  =  n 
(3) 


z=i/>(c  —  a-{-b) 


-  2         (a  2  -  %  +  (aft  -  l)y  =  r<jt>  -n 


-a}}  -=-  {a* 
c2  -6)}  •*• 
«={n(c2  -a)-Xca-l)+'«(as—  c)}-5- 

7.  (1)  x-\-ay  =  l,          l-(a)2,    x  —  abz  =  I  -  am. 

(2)  y  +  bz  =  m,         -f«7;(3), 

(3)  z  -\-cu-n,          —  a6c(4),  x  — 

(4)  u  +  dw=p,         +abcd(5). 

(5)  t»+«E  =  f\ 

a;  +  abcdex  =  1  —  am  -4-  «  &w  —  rt^r^  -f  cibcdr, 
:.    x=  (l  —  am  +  abn—abcp  +  abcdr)  H- 

?/  =  (in  —  bn-\-bcp  —  bcdr  +  bcdel)  -r-  (1  +  abode). 

8.  x  —  by  —  cz  =  Q  ..................   1 

i/  —  C2—  ffx  =  0  ..................  2 

3 


(1-2),  (l+a)*-(l  +  %  =  0,  (l+a)a;= 
Dividing  the  terms  of  (1)  by  these  equals, 

1  6  c  a  b  c 

' 
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9.  tr  —  fiy  —  az—0  .................    1 

y-bz-bx  =  0  ..................   2 

z—  ex  —  cy=Q  ..................  3 

6(3)4-2,  (l-bc)</-(b  +  bc)x  =  U,   e(2)+8,    (l-bc*-(c+bc)x  =  0, 

'  J          thflae 


10.   1-2,    :.x-y  =  by-ax,  x(l+a)  =  y(l+b), 


dividing  the  terms  of  first  equation  by  these  equals, 

1  b  c  d  e 

+    TT-T    +    -TT-T    + 


abode 
•'•    1 =     i  i  „    T     i   i  A    T     i   i  _      i      i  _i  y    T 


Since 


a    "       1  +  6  1+c    '       1-M  1-H1 

1  a 


1+a  1+a 

Exercise  lix.,  page  192. 
1.  x  =  (nc  —  bd)  -r-  (na  —  bm) ;  y  =  (MJC  —  a</)  -i-  (»jft  —  naV 


2.  «  =  (n«  -f  6rf)  -r-  (an+6/n)  ;  y  =  (mc  —  ad)  -j- 

3.  a;  =  e(n-&)  -r-  (an  —  mi)";*y  =  r(i«  —  a)  -5-  (6w  —  an). 

4.  a?=  (6  —  c)a-i-  (6  —  a)  ;  y  =  />(a  —  c)  -f-  (a—  6). 

_a;  w  *  ?/  /  ^  a\ 

6.    —   +   -j-   =    1,      —  +   -?L   =    1,       --  x-6-a, 

a  b  ' 

x  =  rtt-i-  (a 

6.     I—  +  —  x  =  6,    x  =  «/>2-(« 
\  a  6 


a         6  6         a  a2—  62 

8.     —  ^H  --  =  wj,     --  1  --  =  n,       -  —  =  am  —  bn, 
x        y  x        y  x 
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-  (a  —  b)x+(a  +  %  =  lac, 

adding  (b+c}x+(b+c)ij  =  1a(b+c),  sr 

(a  —  c)x+(a  -  c)y  =  2<i(a  —  c) 
adding  to  1,    2«x  =  2a(a  +  b  —  c),  x  -  a  +  b-c, 


10. 


x^y 

y-c    '         b 


But  (*-</)  =  a-&,.'.a-Z6    =    a^±t     .-.  y  =  b  +  c,  x  =  a+c. 
y—c  b 

-,  i       x  a  a  a  c 

11.    _   _  .-.  x=  —y,  —y  +  m   _ 

ij          b  b  :.     b  —  d 

U+n 
.'.  y  =  b(cn  —  dm)  -i-  (ad  —  be),  x  =  a(cn—dm)  -r-  (bd  —  ac). 


19 

• 


x+1    "    a  +  b-c 
.'.  by  adding  numerator  to  denominator,  &c., 


x+1    "    a  +  b  —  c 
by  2,     ,.141 


;  divide  (1)  by  this  and  multiply  result 


a(tt-c)(a— b  +  c)' 
.-.  y=  {8(a»  -c*)-6(/>  +  2a)}  -r- 


-  — 

1  o.  '         ;   r    —  —  ;      ~  ,         \   ( 1 ) 

y—  a  +  b  c  y  —  (a-b  —  c) 

tf+j?          a+b          x  -(a  +  b  -  c) 
y  +  b    "    a+c    "    ij      (a-b+c)'" 

b 
From  1,  x—  (a+b  —  c)=    —  {y— (a-b+c)}, 
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From  2,  x-(a  +  b-c)  =  _rt 


.-.  x  —  (a  +  b-c)  =  Q  and  ^/  —  (a  —  b+c)  =  0, 
=  a  —  b+c. 

l  =  o  ..................  (1), 


x  —  h 


From 


x-n-b  +  c         y  +  b-a-c    __ 
'          a-\-b  <t+c  ~    U» 


.    x  —  a—b  +  c         y-t-b—a—c 
From  2,  -  +  i          -  -   =   0, 

a.  —  b 

a  —  b  >i—c 


jg i          y      —  i i          "         -i 

m  —  a         m  —  li  n—an—b 

x  —  (m  —«)(«—  a)-\-y  -f-(m  —  b)(n  -  b)  =  0. 
:,  x  =  (m—  a\(n  —  «)-r  (b  —  a), 

(MI  — />)(?»  -6) 

a  —  b 

• 

:  =  0   ..  .    -2. 


-  8  6(«  -  c)*+«(6  -  c)y 
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17.  x+y+z  =  l (1) 

=  '» (2) 

y  z 


I  — a            t  —b            l  —  c 
2-c(l),          (a-c)x  +  (b-c)y  =  m-k  (4) 


/  1  \  /I          I "  \  .     /  1          1  \       I 

I      __•   /I  \      /o\    ™  I -f-  w    { _     — _ 

\l-cj^~(6^x\l-c       l-aj       y\l-c       l-b)-l-t 


x(c-a) 

_\  /;        ^\     T 


c)(l-b)         (l-c) 
*(c-a)         y(b~c) 

' 


i-b         c' 


m~bc 


«=  {(m  —  be)  (I  —  a)}  ~  {(c  —  a)  (a  —  b)\, 


18.    x~a   =  =   Z~^L  .,  ...(1) 

p  •  gr  r 

l(x-a)+m(y—b)+n(z-c)  =  l  ...............  (2) 

Prom  (1)     x-a=P-(y-b),     z-c=—(y-b). 
1   '  q   " 

Substituting  in  (2), 


y-b    = 


-  -  +  c,         x  =.  -    —   - 

m  +  mq+nr  pl-\-mq+nr 


19. 
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x  —  a  —  b         z—  c 


P 


.'.    l(x—  a)  +  >n(y  —  b)  +z(n  —  <•)  =  1  —  (la-\-mb+nc\    comparing 
with  18, 

_  p{l-(Ia+mb-\-nc)\  p{l-(la  +  mb.+  nc)} 

pl+mq+nr          '  ~    ' 


20.  ax-by  =  «2  -62  .....................  (1) 

ax—  cz  =  a2-c*  .....................  (2) 

ax+by  +  zz  =  m*  .....................  (3) 

(2)  +  (8)        2ax+by  =  m2+a2-c*  ............  (4) 


21.  ?/  =  a  —  6  +  e,  z  and  a;  by  symmetry. 

22.  X  +  y+Z  =  Q 

ax-\-by  -\-cz  =  ab-\-cb 


2-c(l)  (a-c)x+(b-c)y  =  a 

8_(a-6)  (1),     (2&-a-c 


(6+c-2a)(26-«-c) 
^a- 


NOTE. — First   equation    should  be  x+y+y+z  =  a-{- b  +  c,   then 

),  &c. 


x  m    y        z  b  e 

23.  x-\-y-}-z  =  m,  =    ,  =     -i  y=    —  .x,  z=  —  a;, 

«          b         c  a  a 

x(a-{-b-\-c)  ma  mb 
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=  ny,          qy=pz, 


m  q          mq 

=    —x,      z  =  -i-y  =  —lx, 
n  p          pn 


n  np 

y  =  (mpr)  -^((inp  +  brnp+cmq,)     z  =  (mqr)  -r-  (anp  +  bmp  +cmq). 


+          +  A  =   0 
*  z 


(2) 


be          ac          ab          ,       ,  w,       .,         >      „ 

--  1-   —  -f   —   +    (a  —  b)(b-c)(c—  a)  =  Q  .........  (3) 

x  y  z 


=    0. 


...(4) 
-a)  ......  (5) 


a(4)-5 


=    (a-b}(b-c)(c-a),    :.  x   = 


ll,  z,  by  symmetry. 

26.  x  =  ^(b+c  —  a),  y  and  z  by  symmetry. 

27.  From  second  set  of  equations, 


ma+nb+pc  +  qd 


dr 


Substituting, 


ma+nb+pc-\-qd 


28 


a  6 

1  1  1 

+  -  +     - 
x           y  z 


'    " 

(2), 
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111111 

Divide  (1)  by  xyz,  —  +  —         —        ~ 

~     =    ~""6 
/I  1  1  \ 

'T  +  7  +  T)-8-    •••  i+A-*. 

— rprr: —          *     y 

l+±.».    1+1=2,,    1-    i  =  2(6-a), 
a;  z  y  x  x  y 

11  2 
h  —  =  a,   —  =  2(6+c-a),  x  =l*(b+c-a.) 

x          y  x 

h<*)  =  0,  and 
-c(a+a)  =  0, 


.-.   (ac-bc  +  ab){(x+c)-(V+b)}=0, 

=  (\>j  symmetry)3+a,  .'.  since 
),  x  =  a  +  b,  y  =  c+a,  z  =  b+c, 


30.  Adding,  2(ax+by+cz}  =  3, 
Subtracting  first  equation, 

«=*,  a  =  l^-2c,  z  =  1-5-2-3,  y  =  1-^-2 

31.  Multiplying  (1)  by  n,  (2)  by  m,  (3i  by  I, 


..... 

Adding,  mnx+lny+lmz= 


0  ,  ,       ..       „  ..          ,  /2  +  /«3-n2 

Subtracting  first  equation,    hnz  =  - 


2itl 

82,  Adding,  ar+y+z  =  ^±±5. 

a 

Subtracting  second  equation,  x    =    '    —  ~   . 
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oo     *.i;r  mn  n  * 

83.  Adding,  x+y+z   =    -—  J  ---  j  --  . 

/  m          n 

Subtracting  first  equation,  2x  =  —  _i_   —  , 

m  n 


. 
x  =    I  --  ,     y   =   m. 

2mn  n 

34.    Adding,   J_  _i_  JL  _•    JL   =.   (ajf-&-f-c) 
»  y  « 

Subtracting  first  equation,    _  .  =  b+c—  a, 


b+c-d 

c-\-a- 

-b 

35.  Adding,     —   4.  —  -f 

1 

2 

2 

~r~  4~ 

2 

x           y 

z 

a 

6 

c 

Subtracting  first  equation, 

2 

*j 

-r-    + 

2 

x 

b 

c 

be 

ca 

x  —                       11   — 

c+a 
86.  x  =  b-4-c  —  a;  y,  z,  by  symmetry. 

37.  x,  a ;  y,  b;  z,  c. 

38.  Adding  r^  -   +  -      -   +          r   =0. 

&  b+c          c+a          a+b 

z 
Subtracting  first  =  n,  ~~T/L  =  a  —  b, 

z,  a*-b2;  x,  63-c2;  y,  c2-a2. 
89.  x  =  ^(a+2b  —  c+3d) ;  y,  z,  v,  by  symmetry 
40.  w  =  T^r(4a-f6  +  3c  — 2c/+5«),  #,  &c.,  by  symmetry. 
Exercise  lx.,   page  202. 

1.  Add  t'ie  equations,  .-.  2a(a:+?/)  =  4rt2,  subtract,  .*. 

2b(x-y)  =  ±b*;  aj  =  a  +  6,  y  =  a-b. 

b 

2.  «+«/  =  «,  x- y= 
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3.  Factoring  in  second  equation  (aH-y)(2te—  8y)=**,  .».  from 
first,  3-}-y  =  n2»»;  x=(3n*+m-)-^5m,  y  =  {2n2  -w2)-r-o/n. 

a:  y  1 

4.  Dividing  first  =  n  through  by  a  2  -  b'2  ,  .-.  ^pr  +^Tj  *  <^1~6  ' 

add  to  second  equation,  .•.  2j--T-(rt+ft)  =  2a-i-(a2  —  63); 
a  6 


5.  From   1st   equation,    (a8  —  b2)x+(a+b}y  =  a+b+I  ;     add 
second  equation,     .•.  (a3  —  b2  —  l)x=(a2  —  62  -1)  -r-(a  —  6)  ; 


6.  Substitute  in  first  equation  the  value  of  aj  from  second. 


or, 

.-.  y  =  a  —  b-\-Cf        x  =  a-\-b  —  c. 

7.  From  first  equation,  a;=  (rt+6—  c)y  -T-  (a  —  6+c). 
Substitute  this  value  of  a:  in  second  equation  and  we  have 

(b(a+b)-e(*+e)}y=(a-b+c){b(a+b)-c(a+c)}, 
.'.  y  =  a  •  —  b-j-c,         x  =  a+b  —  c. 

8.  First  equation  gives  (a  +  b)x  —  (a  —  b}y  =  2ab  ;    second   gives 

-(a3—  b3}y  =  0;  x=  (a2  +a 


9.  From  the  first,  x  —  y  —  (n  -fl  )-j-(a  —  1),  and  from  second 


10.  From  first,  (.e+1  )-=-?/  =  a,  or  «  =  '/?/  -1;    and  from  second 


11.  From  first,  «-=-(!—  y)  =  (a+l)-i-(a-l)  ;  from  second 
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12.  x,  a(a-J-5);  y,  b(a  —  b). 

13.  x  =  a{b(ci-\-b)  —  c(a  —  r )  J--4-  (<73  —  6c)  J 
y  =  a{b(a  —  b)-\-c(a  +  c)}  -r-(a*  —  be). 

14.  x=-(a-\-b),  y  =  ab. 

15.  Adding  the  equations  and  subtracting  each  separately  from 
sum,  x=\(b-\-c},  2/=i(c-f«),  2=i(a+6). 

16.  Add  all  the  equations,     .•.  19(x+y  +  z)  =  (a-{-b-\-c) ; 

a;  =  (a -26 -I-  8c)-5- 88. 

17.  Adding  the  three  equations  and  subtracting  each=--n,  sepa- 
rately, x  =  1  -r-  (6-f  c) ;  y,  1  -=-  (c+a)  ;  z,  1  H-  (a+6). 

18.  See  question  29,  Exercise  59. 

20.  Subtracting  first  equation  from  third, 
z  =  a*-b2;   x,  62-c2;    y,  c2  — a2. 

21.  Proceeding  as  in  example  7,  page  194,  assume 


the  equations  it  is  seen  that  the  left-hand  member  of  this  equation 
vanishes  for  t  =  a,  or  b,  or  c,  .-.  ts  +  Bf2  +ct+J)  =  (t  —  a)(t  -b)(t-  c); 
multiply  equation  by  t  and  put  t  =  0  in  result,  .-.  x=%abc  ;  simi- 
larly multiply  by«-landputi—  1  =  0,  .-.  y  =  (l  -«)(!  -b)(l—c)  ; 
Again,  multiply  by  t  —  2  and  put  this  =  0,  .-.z=  (2  —  a)(2  —  6)(2  —  en 

22.  Equations  are  xy  =  a(x  +  y),  &c,  divide  the  first  by  axy,  the 
second  by  byz,  the  third  by  czx,  .'. 

111111111 
—  =  --  1-—,  —  =  —+_,  _  =  --  f._ 
aa;?/oi/zc«a/ 

subtract  the  second  of  these  from  the  first  and  add  result  to  third, 
1112 


—  ca),  y  and  z  by  sym- 


metry. 


CHAPTEK    SIX.  157 


23.  +  +     Z      =0, 

a  b 

x-l  w-1          z-1 

-J-    +  ~  +    -J-      -0,      .-.    a-l^-l^-l. 

a;—  1  «—  1         z  —  1 

-   +  -       •  -f-     -r-   =0,  .-.  a;  =  «  =  a  =  l. 

c  a                o 

a;       mx  ny      ipz      qu 

24.  —  =  —  =  —7-  =  —  =    -T  =  (w?a;-f-tty-f-BZ+<7«)-7- 

a       wa  ni      pc      qd 


=r-z-ma     .........  ,   .-.  x  = 

ar-r-(ma+nb+pc-rqd),  y=br-±-(  .........  ),  z  =  &c. 

25.  Substitute  in  last  equation  the  values  of  u  derived  from 


•he  others,  .-.  u3  I—   _  —}     =     I—  _  i)  u,     .-.  u  =  Q 
\62          c2/  \  a  I 


=  Q,  or 


20.  x  = 

2TI .    X  =  1Z\& — O-f-Wi —  71 )  j    Z.    ^((l  — 

28.  z  =  (4a+2c-rf  —  3ft)  -^-  40,  y,  z,  u  by  symmetry. 

29.  As  in  Ex.  3,  page  193,  the  polynome  t*+uts+zt'J+yt+x 
vranishes  for  t  =  «,  t  =  6,  f  =  c,  and  t  =  d,  and  .•.  = 


cd)t'*  —  (abc-±abd+acd-}-bcd)t  +  abcd, 
.'-  «=  —  (a  +  b+c+d),  z  =  (ab  +  &c.}, 
y=—  (abd+abc  +  bcd-\-acd],  x  =  abed. 
30.  x  =  $(a — 6+c  —  d+e);  y.  z,  u,  v,  by  symmetry. 

81.  Solve   as   8,    Exercise   LYIIL,    x=(a  —  lb+lmc  — 

mnpc}-s-(l+lmnpq),  whence?/,  z.  H,  r.  by  symmetry. 

33.  x=b+c  —  e,  y=+ed  —  a,  &c. 

34.  (i^+5(2)  +  3(3)-7(4)-!-9io),  .-.  22y 

ind  the  values  oi  the  others  may  be  written  down  by  symmetry. 
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,  Ac. 

36.  6  +  2(4)  +  (8)-(4),    .-.    8«  =  8c  +  8t/-|-8«;,   z  =  c+d+«,    and 
•u,  w,  x,  y,  by  symmetry. 

37.  #  =  a-26+8c  —  2d  +  e  ;  and  y,  2,  w,  t?i  by  symmetry. 


Exercise  Ixi.,  page  204. 


so, 


,  and 


.•.  y  =  (ab  —  l)-r-(a—  b)—  x,  substitute  in  (1);  x  =  ('2ab+a+b+r') 
+  2(a—  6),  where  r3  =  4«(62  +6  +  1)  +  (3a-  6)(8A  -  a). 

2.  From  (1),  (s8+s+l)-Ha;8  - 


-(?/-l)2}-4-3(7/-  1)2;  from  (1), 
(a;-l)2=a2(?/4-l)2-:-(2/—  I)3,  •'-  this  right-hand  member 
=  {4ft2(^/2  +t/+l)  —  (y—  l)2}-j-3(//  -I)2,  where  t/  —  1  cannot 
be  zero  if  a;  is  finite,  :.3a*(y  +  1)2  =462(2/2+^+l)  -(//-!)» 
&c.,  cc  =  (ar+  l)-5-(ar  -  1),  where  r«  =  (62  -  l)-7-3(a2  - 

3.  Multiply  the  two  equations  together,  member  by  member. 
...  (l+.-r)»-i.(l-a;)2=(l+a)(l+6)-5-(l-a)(l-6).  Taking  sq 
root,  and  then  sum  and  difference  of  numerator  and  denominator 
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4.  Applying  (6),  page  122,  we  have  from  first  equation, 


xy+l-x-y  (x-l)(y-i) 


Similarly  from  second  equation,  ' 


Multiply  these  results  together  and  take  square  root, 

/.    (3+  1)  -5-  («-!)  =  aft  -5-  «/3. 

And  again  applying  (6),  page  122,  x  =  (nb  —  aft)  -=-  (ab+  «£); 
iicidin-j  the  results  we  get  y  =  (a  ft  -\-bct)  H-  (tifi  —  ba)- 
5.  Proceeding  exactly  as  in  last  example  we  have 


.-,    x= 


NOTE. — Rationalizing  the  denominator  of  this,  the  value  of  x 
appears  in  the  form  (2«6  —  ±A)  -j-(«2  +63  -c-'),  where  16.4*  =the 
product  of  the  four  factors  involved. 


6.  x  =  (o  +  6)-s-(l-o6).  7.  x  =  (<xe-ab)-t- 

2a  a 

:   2^    :      V'  now  Proceed  as 
amples  4  ando  above,  .-.  {( 
or 


Similarly  the  second  equation  gives 


..  . 

Multiplying  these  results,  /.    -  -      =  \ 

\x-\.\         \(a  —  m)(b  —  n)) 

n)}±-  {a  -  m)(b-n)i} 


9   x=\aV(l-b*)-bv'(l-a»)}+v'(a*-b*).     Proceed    ex- 
accly  as  in  last  example. 

10,  11,  12.  See  examples  14,  13,  12,  page  197,  Hand-Book. 
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18,  14.     See  example  15,  page  198,  and  example  11,  page  196. 
substitute  the  value  ofy  from  1. 

1  fi     fi   '  /> f    2  -1_     2\   •  •     I 

(X2  - 


a  +  b 

(x-y)2=   -_-  (a_  26),  .-.   2x  =  &c. 
d  —  o 

17.  x2+xy  +  y-  —  b,  and  by  division,  x2—  xy  +  t/2  = 


(  6  +  -f  )  +  ft  -  ^  =  i  (36-  -f  )  , 


and 


a   \  a          /  3a 

---»+   -  =*"-6'-'  &c> 


18. 


j/(a-6)  =  m,  suppose,  find  a;  from  this  and  substitute  in 
second  equation,  getting  a  quadratic  in  y2. 

19.  Add  the  equations,  .'.  2xy  =  (a  +  b)x2  —  (a  —  b)y2. 


suppose.     Substitute  in  first  equation. 

20.    Subtract  second  from  first, .-.  x3  -?/3  =  («  —  &)x2-f  (a  —  b)y* 

-\-(a  —  b)xy  =  (a  —  b)(x2  +xy+y2}  .'.  x—  y=a  —  b;  similarly. 

add   the  two  equations,  and  we  find  x+y  =  a+b;  .-.  x  =  a,  y  =  b 
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21.  Add  (1)  and  (2),     lc(x*  +  >/=)  =  2  ,u-  -  y)'  ; 

a;2+?/2  -•-  -=a-=-2e,     .-.  (z*  +  y*)  -5-2ary  =  a-5-(<»  —  2<*). 

.».  (>  -f-  //)  -  -s-  (.';  -  y)  ~  =  \a  -  c)  -5-  <?,  and  (z+y)  -4-  (x  -  y  )  = 
l/(a-f)  -j-i/c  ;  x-5-y  =  {i/(«-e)+  V'c}  -f-  {  |/  (a-c)  -y'c}, 
=  m  suppose,  .'.  x  =  my,  which  substitute  in  (2),  &c. 

22.  Subtract  second  from  first,  and  x3  —  >j3  — 

-)\xjr>j).     If  x'2+x<j+y-  =0,  then  from  fl)  and  (2) 


s  =  ij=u,  or  =K~  1±  v/  —  3)w;  if  Jt2+zy  +  y3  is  not  zero,  divide 


/» 

the  above  result  by  it,     .-.  x-  y=  —  (%  +  >J)i   of  \x—y)  H-  (a 

a 

=  r-^a,      .-.  x^-7/  =  (rt  +  c)-j-(a-c),  or  x=    I--—]  y  =  my  sap- 

la  —  c/ 

pose;  then  >j3  —  u3=  -  -^/)3  —  xy(x+y)\  =  y3  I  J^.\ 

-  \  -a  I 

{m-t-lt3  -m(m  +  l)},  which  is  of  the  form  ^>/3  -  /•. 

23.  From  (1)  (x+x*  +y+y3)  -f-  (x-y)(i:+y  +  l)  =  (a+l]  -H 
(rt-1)  .........  (3).     Frouii-2  .,._|_y_i)  ^_  .,  ^  ....  ,     -Ly2) 

=  ,/,_  1)  -4-  (6+1)  .........  (-4).     (3)  x  (4)  .-.  (as  +  y  +  1)  —>,-  +  ,,-  1) 


(a  -l)(b  +  I)}  +  \(a  _1)(6  +  1)  -(,i+l  =  (ab-l)^-a—b, 

.-.  >i  =  (ab  —  1)  H-  (it  —  6j—  j;;  substitute  this  value  of  v  in  either 
equation. 

24.    .-.  6-  -'/i2  ^  (a;-?/)3  =  ••'.«  -2  -4-(«-2),  or  a?  +  y  = 
i/(«+2)-^1    («-2),     .-.  *^-y={v/(«4-2)+^(a-2)}^. 

f!       -_  —  |/i  'a  -2)}  =JB  suppose.     Similarly,  (1+  xy)  -^-  (\—s>j} 
-1     b  +  2)-s-,    I    --.    -.a:y={ 

•Jl       —  •_   -  •.        -  2)}  =m  suppose  ; 

xyX—  —  x-  =pm,  x~  ±:|  '(pm). 
>J 
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25.  Add  the  equations,  xy +yz+zx  =  £(«-H&4-c), 

.'.  xy  =  k(a  +  b—c),  ijz,  zx,  by  symmetry;  multiply  these, 
X2y2z2  =%(a-{-b—c)(b+c  —  a)(c  +  a  —  />),    from    which   xyz    ia 
found  ;  divide  this  by  xy  -  &  •  .   >/z  =  &c.,  zx  =  &c. 

26.  See  example  1,  page  187. 

27.  .'.  xy-\-//z  +  zx  =  a  —  x2  =  b  —  ya=c  —  za=v  suppose,  then 
x=  </(a  —  v),  y=  [/(b—  r),  z  —  V(c  —  v),  substituting  these  values 
iii  xy+yz-\-zx  =  v  we  get 

!/(«  — v)(/>  — v)  +  V (b  —  v}(<-  —  v}-\-y/(c  —  v}(a  -v)  =  v, 


or   2p/(c  —  v)(n— v)  =  ca  —  ab—  be  +  '2bv,    .•.    4c«  —  4(t'4-a)w 

(ca  —  ab  —  bc)2+-ib(ca  —  ab  —  bc)v -{- >ib% v2 ,  a  quadratic  from    \\liich 

v  may  be  found  =  +m  suppose,  .•.  a  —  x*  =  ±>n,  &c. 

28.  (z  +  .r  —  i/}(x+y  —  z)  =  a,  (y  +z  —  x}(x-\-y  —  z)  = 
(y-\-z-x)(z+x  —  y)  =  c\   multiply  together  and   extract  root,  .* 
(x+y  —  z)(y  f  z  —  x)(z-i-x  —  y)  =  i/abc,     .'.    x  +  y-z  = 
y+z  —  x  =  y'(abc)-i-a,  z+x  —  y=  \/(abc)-r-c.    Add  last  three  equa 

tions,    .'.    x  +  y+z=  \/(abc)   (~~4iT~+~ 


.'.    x=  ±  </(abe)     , --+  T~J  ,  y  and  z  by  symmetry. 
29.    x2+y2=az;    from    (2)    and    (3),    x2  +  y2  = 

•    if  2  =  0,  then  x=>/  =  0;  if  ^  =  2«^-(62+c2)  then  z  = 
X  2«  -r-  (i2  +c2)  =  (i(b-\-c)  -5-  (i8-{-f2),  and  ?/  =  rt(6  —  c)  -5 


30.  From  (1)  and  (2),  l-=-z2  =  (a+/))-^-z2,  and  l-t-y2  =  (a- 


CEiPTKP.    SIX.  100 

31.  From  (2)  and  8),   X*  —  y*  =  bcz* ,     :.    ^zn- =m.   2  =  0.  or 
a-z-bc;  if  z  =  0,  then  x  =  y  =  0  ;  if  z  =  a^-bc,  ihenz  =  a(b+c)-t-'2bc. 

and  y  =  a(b  —  c)  -=-  26c. 

32. 


),      •••      2=-l,     or 
a*  =  a2(s3  -  1),  and  z*(a*  -62;  =  «2(a2  -  1), 
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PAVEU  I.,  page  207. 

1.  Add  coefficients  of  x,    (a+b+c)x,  and  by  symmetry,  the 
same  coefficients  for  y  and  z,     .-.  (u  +  b  +  c)( 

2.  (1)    (ar+2y)«(a;-2y)»  =  (a;*-4y3)S,  &C. 

.  (2)  2(a3&34-&2c2+c3rt2)-«4-64  — c*. 

3.  (1)  z4-6:c3  +  13z2-12;c+4. 

(2)  Factors  of  dividend  are  a3  4-3+ or2,  and  z2  — 

quotient  =  &c. 

/0,     w2-n       n»-2n.     n2-3nlS 

(3)  a;  +a  +  3  +  &c. 


4    (].}  2x2ni ^x"""        (2) 

'   V   '  b  c    '  '    a 

5.  Cube  by  formula  [6] ,  and  for  the  sum  of  the  cubes  suDsta- 
tute  its  value  (3)  from  the  given  equation. 

.-.  2  +  3^/(l-4o;2)x3  =  27,     .'.   l-4a;2  =  15625  -~-  729, 

.-.  a=±14i/(-19)-5-27. 

4  I  12 

x+2        x-'2   ~~  x  -8* 

6.  x  =  number  of  oxen,     320 -j- a;  =  cost  of  each,  320  -j-  (x+±] 
=  supposed  cost;    difference  of  these  costs  =  4,  /.  a;2+4a;-32C 
=  0,  or  (a;+20)(aj-16)  =  0t      /.   a;=-20,  or  16.     The  negative! 
result  indicates  a  problem  allied  to  the  given  one,  the  words  mart] 
and  less  being  merely  interchanged. 
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7.  (1)  Divide  numerator  of  first  by  b2.  and  denominator  by  d2, 

and  substitute  for  — ;  result  is   b-  -f-  d-  ;    do  same  in   second 
d 

ratio,  result  is  b2  -=-rf2,   .-.  &c.  (2).  199. 

8.  AB+BC=82,     BC+CA=91,     CA+AB  =  89.      Subtract 
first  from  second,  .-.  OA  —  AB  =  15.     Add  result  to  third. 

.-.  2.45  =  74,  and  AB  =  37.  l'A  =  5'2,  £C  =  io. 

PAPEB  II.,  page  208. 


2.  Factor  first  quantity,  (a  +  6)3+c3  -Bab(a+b+c)  = 

(u+b  +  c)(a2+b-+c2  —ab  —  bc  —  ca);  second  quantity  = 
(a+6+c)2,  .-.  a+6+c.         3.   1-=-^. 

4.  (1)  Numerator  =  aS"-l+a3"—  !  =  («"-!) 


-f  1  +  1),  /.    &c. 

(2)  Numerator  =  (a  +  b+c)2  •  denominator  =  a2  —  (b+c)*  = 
(a+b+c)(a  —  b  —  c),    :.    (a  +  b+a)-s-(a-b—c). 

5.  (1)  Given  function  of  a;  divided  by  x  —  a,  gives  remainder 
(found  by  substituting  a  for  x),  a3  —pa2+qa  —  r,  which,  by  the 
question,  =0,  /.  the  given  function  is  exactly  divisible  by  a;—  a. 

(2)  Put  a—  0,  the  expression  becomes  (b+c)bc—  (b+c)bc  =  Q, 
:.  a  is  a  factor,  and  by  symmetry  b  and  c  are  factors, 
..  expression  =  nabc  ;  put  a  =  b  =  c  =  1  and  «  is  found  =  1. 

JL  .  i       i  if  /a-t-M  2        ) 

6.  Given  expression  =xn  (xr*-s-xn  +1)  =  x*'     —  rl    +1[ 

if2(a2+62)]  la*  —  b*\ 

=  *"          -2      '   multlPlv  thls  bv  i  '  and  ii; 


f. 

becomes  a"  j  -  7  r  which  =  -;  -  7  :  *~~m  X  ---  r  = 
(a—  oj  la—  oj  a  —  o 
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7.  (1)  Complete   the  divisions  and  the   equation  reduces  to 
&e- 16  =  16a;-9;  *=-*, 


(2)  Equation  reduces  to  2-4-(r3  +  6avf  R)  =  25-~ 


8.  Let  a:  =  increase,  then  r-^-(  p+x)  =  r-$-p  -q;  x=p-q-±-(r  —  -pq). 

9  .  Let  x  =  third  digit,  .  •  .  2rc  =  second,  9  -  x  -  first,  .'.  9  +  2.e  =  1  7  , 
r  =  4;  584. 

10.  First  by  common  rule,  let  x  =  equated  time,  then 
(a+b)x=am-{-bn.     Second,  suppose  m>n  ;  the  interest  of  $6  for 
the  time  x—  n,  must  equal  the  discount  of  $a  for  the  time  m-x, 
or  b(x  —  n)'05  =  a(m  —  x)  •05-r-{l+(?n  —  a;).0o},  a  quadratic  lor  Je- 
terming  a;. 

PAPER  III,  page  209. 


.1.  (1)  (aj 

x+y+z 

=  («-«)»  -y»  =  -117.     (2)  a*(a- 

2.  a-f&.r+ra2,  which  may  be  found  by  factoring,  as  in  Art. 
XXIII.     3  -  4aj+7aj'-  —  10z  =  square  root. 

3.  (1)  See  Algebra,  page  145.     Equation  reduces  to  form 

1  1          .          2, 

.  i  o      "~    «,    .    o'       '  2* 


(2)  »=6,  ?/  =  9,  z  =  12. 

4.  Let  x  =  number  of  dozen  bought,      .*.    45r  =  price  paid, 

5.  Let  x  =  number  of  bushels  in  lower  priced,  .-.  75— a;  =  do. 
in  higher. 

/.    40(aH-£)  =  45aj,     •'.  x=  3T°ff°  dozen=  160  oranges. 

78  75 

— — —  =  $1.05  lower  priced  per  bushel. 
75 

qn 

_   =    $1.20  higher 

73    . 

(75-*)120,     .\  a  =  40 ;  35. 
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6.  v/i(l+a)+v/Kl-«)- 

7.  Equation  reduces  to  (40*-  101)(.r—  8)  =  22(2a:-7)(z-2), 
whence  £  =  5,  or  £.     Since  the  given  equation  has  equal  roots, 
ax*  —  36.c-f81  is  a  complete  square,  i.e.,  ±>t  x81  =  (36)3,  .-.  «  =  4. 

8.  See  Algebra,  page  124. 

9.  Substitute  —  (b-\-c)  ior  a,  —  (e-frt)  for  b,  and  —  («  +  6)  for  c. 
in  the  given  expression,  and  it  becomes 

-o8(6a-c3)—  i2(ca-'J8)-c»(a»-68),  which  =  0, 
.-.  a  +  6-r-c  is  a  divisor,  &c.     See  Algebra,  page  43,  prob.  12. 

PAPEB  IV.,  page  210. 


2.  T  e  first  and  second  fractions  requiring  to  be  inverted 
and  three  times  respectively,  will  finally  stand  inverted,  while  the 
third,  requiring  two  inversions,  will  stand  unchanged.     .-.  result 

=  0-r-6. 

3.  (1)  (2x- 

.-.  L.  C.  M.  =  2x- 


(2;  1st.    -(l-ra;)(l+v/a;);    2nd.  = 
.-.  G.C.M.  is 


4.  (1)  ^v/3~^l//6-     <2)   Extract    the   square    root   and   the 
remainder  is  11  x'1;/-  -ex2y2,  which  must  =  0,  .-.  c=17. 

5.  Left-hand  member  reduces  to  4,  .-.  m  =  4;  MI  =  some  quan- 
tity involving  x  would  make  the  given  expression  an  equation. 


v  (l+x)-l/(x)  ^(1+^+  V(x) 

'2+x-l-x 
1+z  —  x 

7.  (1)  Reduces  to  1  :  ^+2)-l  H-  (a;-2)  +  l  H-(X-  1),  whence 
z=0,  or  4. 
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(2)  Clearing  second  of  fractions  and  combining  result  wit 
first,  .-.  7(73y-5x)=  -99Z  +  1023?/,  or  8y  =  z,  whence  x  =  < 
y  =  l. 

8.  x  =  distance  by  carriage,  y  =  distance  by  train  ; 
then  a;  *  10+?/-r-  S6+(22±-a:—  y)  -4-  4  =  If  ;  and 
x+±  +  y  -j-  36  +  (22i-a?-y)-J-10  =  301-5-120; 
whence  a;  =  7i,  */  =  12. 

9.  See  Paper  II.,  prob.  7. 

10.  (1)  Divide  by  a;  -3,  remainder  is  6y2  +  9y  +  18,  which  must 
equal  0;  .:y=  i(  —  8±:  V  -  39. 

(2)  (rt  -1-6)=  -1,  «6  =  1,   .-.  a*+a6+6«  =  (a  +  6)a.-a6  = 
.-.     as  -63  =  (a  -  i)(a2  +«&  +  62)  =  («  -  6)  X  0  =  0. 
PAPEK  V.,  page  212. 

1  .  8xs-\-  ToF-      2.  Substitute  —  y  for  x  and  the  expression  van- 
ishes; or  expression  is  divisible  by  difference  oi  quantities,  i.e.,  by 


3.  (1)  Expression  |(fl+6)2-(a-6)2}2  =  16a2/>2; 

(2)  Expression  =  (a  +6  +  c)(a  +  b  —  c)  {c  —  (a  -  b]  }  {of  (a  —  6)  } 
=  {(a-f6)2_t-2}{cs-(a-6)2},  expand  and  substitute 


ab*         f 

(  ; 


_ 
=    8a" 

5.  Let  x  =  rate  of  "  Eothesay  "  per  hour  in  miles, 
"  y=      "  "  City  Toronto  "      " 

35          35  42  42 


From  these  equations  x  =  15  and  y  —  12. 

6.  (1)  Multiply  second  equation  by  2  and  subtract, 


1 AQ 
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(2)  Add  28  to  each  side  and  transpose. 


Pata:2-r-5.e-!-28=>rt2,  .'-  «2  -  5«  =  24,  .-.  a  =  8  or-  3, 
substitute  in  given  equation,  and  x  =  4  or  —  9. 

7.  Letx—l,  a:  and  2;+  1  be  the  numbers, 

=  48x,  .-  Nos.  are  6,  7  and  8,  or-6,  -7,—  8, 


b  c 

8.  (1)  m+n=    —    —    and  mn  =  —  > 


.•.  b=  —  a( 
Substitute  these  values  of  b  and  c  in  ax-+bx+c  and  we  have 


ax 


6  /. 

(2)  Let  r  =  each  root,  .-.  2r=  — — ,   .-.  r=  —   ^- ,  which  is  the 

a  2'./ 

value  of  x  in  the  second  equation. 

w2_n2          x*      m2      ?/2     7i2     n2     »n2      »»- 
i2"^'*    o^X  aF      ft2  X  w^~  w^~  ^2  ~X2    i   »a»  or 


PAPER  VI.,  page  213. 

1.  Numerator  of  first  fraction  is  \a(x2  — 

x?  -y2)*+4:abxy(x*—y*)+4b*z*i/-;    numerator  of  second 
(by  symmetry )=62 (y2  -x3)2+46ayz(i/2  -a;2)+4a3.i/2a;2,  .'.  their 
sum  is  (rt2-ft2){(x2-y2)2+4x2t/8^=(a2-<-62)(a;2+y2)*, 
of  which  the  latter  factor  is  cancelled  by  the  denominator. 

2.  (1)  By  common  division  or  by  factoring, 

a  5  +  7,2  +C3  +ab+ac  -  be. 

('2)  This  is  the  same  form  as  (1),  and  has  for  one  factor, 
!l-±-x+x2)-(l-x+x*)-  2,r}=0.     Or  by  formula   [6]   the  first 
three  terms  are  seen  to  be  the  cube  of 

=  (2a;)3,  &c. 
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3    (1)  x^  +  u9±9_xy.      (2)  (7x+6y-9)(x-y+4).     See   Arts. 
XX.  and  XVII. 

4.  (1)   -20.  (2)  0.  See  Ex.  1,  page  44. 

5.  i/(«+a;)  =  i/{a  +  2flr6-5-(l  +  &9)}:=  x/a(H-6)2  = 

±(1  —  b)  v/a.  So  second  term  of  numerator  is  fonnd  to  be 
±(1  —b)i/a,  .-.  j/a  cancels  from  both  terms  ot  resulting 
fraction,  and  result  is  b,  or  1  -=-  6. 

6.  (1)   1 -s- a+a-i- (!  +  «)  =  2- 1-5- (!+„)>!. 

(2)  (a»  +  6S)-s-aft>2,  i.e.,  if  a^  +  /,*  >2//A,  or  (a-  b)*  >0, 
which  is  the  case,  since  the  s^war*;  is  positive. 

7.  (1)  From  second  equation,  x*  -f  y  =$x*y*t    .'.   from   the 

first  equation,   x  y  =6;  whence  from  first  equation  #=4  or  9, 
and  from  symmetry,  y  =  9  or  4. 

(2)  Adding  (x+y-z)  =  6,  and  (l)-(2)  gives  -2*+?/+z  =  3, 
thence  #=1,  ?/  =  2,  2  =  8. 

(8)  Take  together  the  first  and  fourth  factors,  and  also  the 
second  and  third,     .-.  (x*  +7»+6)(^24-7x+12), 
or  (x2+7x-  +  6)2+6(x2+7a:+6)  =  16,     .-.  (x2  +  7x  +  6)  = 
-3  +  5  =  2,or  -8;  .-.  »  =  *(  -7±1/33),  or  4(  -7±l/  -7). 

8.  Let  x-1,  x,  x-\-l   be   the  numbers,  then  (x-l)3+x3  + 
(x-\-l)3  =  16?r  x(x+l),  x  is  seen  to  be  a  divisor  of  first  and  third 
cubes  and  .-.  of  the  equation,  .•.  x  =  0;  result  is  7x2  -  S8x  =  24, 
which  gives  a;  =  6,  or  —  f,  .-.  the  required  numbers  are-  1,  0,  1 ; 
6,0,7;  or  -y,  -$,  f 

9.  (1)  Irrational  and  impossible  roots  enter  in  pairs  in  equa- 
tions whose  coefficients   are  real  and  rational,  .-.  the  required 
equation  is  x(x—  \/  —3)(x  +  i/  —  3)(x-I  +  i/2)  x  (x—  1—  y2)x 
f(x)  =  0,  where  f(x)  =  Q  contains  the  other  roots. 
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f2)   N/(p?)  is  a  root  substituting  this  valne  for  x  in  the  equa- 
tion   we    have    pq  +  p\/(p<j  )+?  =  0,    or    <r(p+  I)2  =!'3q>    or 


10.  Let  x  =  number  of  miles  per  hour  of  train  from  A,  and  y  = 

number  of  miles  of  train  from  B.     Then  the  whole  distance  =  1^ 

(x+  y)  and  li  (2  +  1^  -:-•'•  =  first  train's  time  =  second  train's  time 

M    minutes  =  l\(x+y)  -i-y+i;    or    by    division, 


-j-  )  =  1  i  +  H  (  —  I  +i,   or  12i/H-.e  =  i  ±C-H(/  -r  7,  multiply  by 


PAPEB  VII.,  page  214. 

2.  First  two  terms  =  0  because  c  is  a  factor  of  each, 
.•.  numerical  value  =  —'01. 

8.  The   quantity  vanishes,   when  x=  —  a.  or  —6,   &c.      See 
Algebra  page  41. 

4.  (1)    Second  quantity  =  x3  -1-1  +2x*  -  2  =  te+  :)(ar8  -fa;-  1)  ; 
the  first  quantity  does  not  vanish  for  x+1  =  0  ;  and  a;a+x—  1  is 
found  to  be  the  H.C.F. 

(2)  First  expression  when  factored  =  (#+//)  {  (x  —  y)(ax+l/y)}  ; 
Second       "  "  "      =\x-y){(z+y)(ax-by)}. 

.-.  a;2-j/2=H.  C.  F. 

l-li-  —  60  a:-o 

5.  ,1)  First  two  terms  reduces  to  fo^^nrgy   =   4^-9' 

a;-  4 


...  whole  expression  = 

(2)  Bring  first  two  into  one  fraction  and  do  similarly  with 
second  two,  after  cancelling  we  have 
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6.  (1)  »  =  9.     (2)  Equation  reduces  to 


(5a;-4)(7a;-10)  .-.  a;  =  3. 
(3)  Subtract  second  equation  from  first, 
.'.  «2  —  y2  =  ax-{-by  —  bx  —  ay,  .-.  (x+y)(x  —  y)=a(x 

Divide  through  hy  x—  y,  .'.  x+y  =  a  —  b,  and  since  x  —  y  is  a 
common  factor,  .•.  x=y,  .'.  &c.  It  is  seen  from  symmetry  that 
x  =  y. 

PAPER  VIIL,  page  215. 


2.  (1)   Product  =  (z3-;y3)2(x  -#)  =  .7;7-^/ 
*—yT.     (2)  The  quantity  must  vanish  for  x  -\-p  =  (),  and  for 
=  0,  and.-.  =  ^2  +  (p  +  q)x+pq,  •'•   a=p  +  q,  b=pq. 


3.  (1)  Dividend  =  (x*+ys}2  =(x+y)*(x2  -xy+y2)2  which  divi- 
ded by  (x+y)2,  gives  (a;2  -xy+y*)*. 

i4+a2^2)(rt4+?>4-a2fc2  ;  divisor  = 
,  .-.  quotient  =  &c. 

4.  Let  n  be  the  number,  then  n*  +  {i(n2  —  1)  }  2  =  ?i3+i(w2  =  1)* 


5.  (1)  Arrange  in  descending  powers  of  x  ;  or,  by  inspection. 

axs  +  bx+cx'1  (2)  4aj*—  i«*4-i«A. 

6.  (1)  Let   x+m   be   the    C.  M.    then    m3—  aw+ft  =  0,    and 

m2—a'm-b  =  Q,  .-.  '2m2  —  (a+a')m  =  0,  or  2/w-(rt+a')  =  0,  • 

.•.  w  =  $(«+»');  or  the  C.  M.  must  measure  the  sum  of  the 
quantites  which  is  2x2+(a+a')x  =  x(2x-\-a+a,). 

Alao,m2—am  +  b  =  Q,  m*  -a'm-b  =  0',  express  b  in  terms  of 
a,  a';  subtract  equations,  .-.   (a-a')m  —  26  =  0,  or  26  =  (a-a')w» 


(2)  Factors  of  first  are  x2+^3ifP-p;  the  second  =  (a;2  +px)*  -p* 
=  (x2+pjc+p2)(x2+px-p2),  .'.  x*-\-px+p*  is  H.  C.  F. 
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(3)  first  =  f(*+5)(ar-4),    second  =  y(*-f-5)(aj-6),    third  = 
-4)(a?-6),  .'.  L.C.M.  =  50(a:+5)(:c-4)(a;-6). 

7.  a  =  0,  6  =  0;  or«  =  l,  6  =  2.     Let  »n  =  value  of  fraction  for 
all  values  of  x,  .-.  3x-  -(-ia-f6)a;-ha+263  = 

m{5x3  -(8a+6)a;  — <t  +  468},  in  which  coefficients  of  like  powers  of 
x  are  equal,.*.  5»i  =  3,  4a-f6  =  (8a  +  6)»t,  a-»-262  =  (—  a+462)m, 
whence,  &c. 

» 

8.  Transpose  and  square,  the  equation  reduces  to 
16(x+l)(;p  +  6.)  =  9x8+90,z+225,  andz  =  3,  or  -43 -=-7. 

Apparently  neither  value  satisfies  the  equation ;  bat  any  quan- 
tity has  ttoo  square  roots,  and  if  the  negative  root  of   i/ 
(x  4-  6)  be  taken,  the  value  3  satisfies  the  equation. 

PAPEB  IX.,  page  217. 

1.  Quantity  =  (rt2-f-n2)(2«n-f-a  —  '2an  —  n)+ 

an(2M  +  l-2a— l)  =  (a2-|-»3)(a-»)-2fln(a-n)  = 
(a  -  n)(a  2  +n2  -  2an)  =  (a  —  H)  3 . 

8.  Let  quotients  be  x  +  r  and  x+s,  respectively,  so  that 
xs  +ax*  +  b=  (x2  -t-wi*+w)(x  +  r)  = 
mr)z-t-nr,  and 
'<f  *  =  x3  +  (m-f  s)x2 
Equating  coefficic- 

(1)  a  =  m  +  r.  (4) 

(2)  n-fmr  =  0.  (5)     n  +  ms=p. 

(3)  b  =  nr.  (G;     ns  =  q. 
(3)-(6),         6-y  =  K(r-«)  =  nfl,  by(l)-(4); 

.-.   (6-5)3=n3a3.      Also,  (l)x(6),    6j  =  »2ra  =  n»      [from 
(2)  and  .-.  (6-?)3=«3%. 

4.  First  quantity  =  (axy  4- b)(d!c~1t/~1  —  b) ;  the  second  = 
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5.  Let  a  =  left  hand  digit  of  A,  and  b  the  right  ;  let  c  =  left- 
hand  digit  of  J3,  and  d  the  right  ;    .'.   10a+&  =  ^4,  and  lOc+d  =  B  ; 


=  9x.     A,  11  ;  B,  69. 

6.  Let  each  ratio  =  x  ;    .•.  a  =  bx,  b  =  cx,  c  =  dx  ;    .•.  abc  = 

and  a;  =  -^  —     Also  a  +  b-{-c  —  (b+c+d)x,  .'.  &c. 
d 

7.  (1)  Equation,  on  division,  &c.,  becomes 

a  a  x  x      s 


a;  —  a         a;+a         i—  x 

(2)  y=  -v/  («-&)-*-  !/( 

21 
8.  /J  -j-  a  =  cost  of  each  ;    —,bP  -=-  a  =  selling  price  of  6  sheep, 

an) 

.•.     [__-  _  I  -7-  (a  —  ft)  =  selling  price   of  each  remain- 

\  10  20«  / 


ing  sheep,  =  P(22a-216)  -^- 

9.  »=lst,  y  =  2nd,  .-.  70  -(*+y)  =3rd;   then  y-^e  =  2+1  -f- 


.-.  *  =  y  =  16;  .'.  7,  15,  48. 

PAPER  X.,  page  218. 

1.  Dividend  is  (axa  +by*  +  2cxy)(x+y+z),  .:  &0. 

2.  Quantity  must  vanish  when  x=  —  1,   .'.   \+p  — 

also  when  a;=l,  .'.  1  +  p+q  +  a2  =0,  from  these  two  #  =  0  and 
,  -|_as  -Q,  Second,  the  quantity  must  vanish  when  x  =  a,  .-. 
_f_^a_^.a2  =Q  and  also  when  a;  =  -a,  :.  a4  +j>a2  —  qa-\-a-=0, 
and  these  two  give  q  =  0,  and  1+p+a2  =0,  the  same  as  before. 
Or  substitute  in  given  expression  the  values  of  />,  q,  from  former, 
and  result  is  plainly  divisible  by  a;2  —  a2. 

3.  3(first  quantity)  -  second  =  3a;4  —  10aja  -  8  =  (8a;2  +2)(:c2  -4), 
of  which  first  factor  is  noi  a   C.M.  a;2  -4  =  (aj+2)(*-2)  ;  the 
quantities  vanish  when  x  -  2  =  0,  but  not  for  a;  +  2  =  0,  .-.  x  -  2  is 
H.  C.  F. 
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x      i2x      2       x       x 

4.  Let  x-  distance,  then  —+—  +  —  =  —  +  —  -f-1,  z  =  24 

i/     y      o      o      o 

5.  (1)  Square  root  of  first  term  =  5x-,  of  last  -in-,  twice  product 
is  4iGx-a2  ;  but  expression  contains  49#2a2,  .-.  9x2<f*  is  square 
of  third  terra,    .-.  5x2  —  3«.e-|-4rt3.     See  example  4,  page  62  of 
Hand-Book. 


(2)  Expression  =        +  2+-         +  -.   v/2 


/a;       ?/     -  /or       v 

=  --Kr)    -  .....  =   -+4- 


>.y       x,        ...    -  -       -  -,    »  •••  square  root  =&c. 


(2) 


8  Let  2x,  3x,  be  number  sides  respectively,  then  4.e  —  4  = 
number  right  angles  in  first.  6x  -  4  =  number  in  second  ;  .  -. 
(4.5  -  4)-j-2ar,  and  (6x  -  4)-^-3j;  are  the  magnitudes  of  one  angle 
in  each,  taking  one  right  angle  as  unit,  .'.  (4x-4)—  2x:  (&e—  4) 
H-3a-,  ::  3:4,  and  2^  =  4,  3z  =  6. 

PAPEB  XI.,  page  219. 

1-2.  2.  Lat  a;  =  time  for  A,  y  =  time  for  B  ;  then  1  -=-ar  =  part 
done  by  A  in  1  day,  and  1  -=-  t/=part  done  by  B.  Also  4  -e-3.r 
and  3  -7-  2y  represent  parts  per  day  on  second  supposition, 

1  1  7,4  3  59 

..    —   4.  —   =    —  ,  and    —   4.   —    =    —  ,  or 

x  y          24  3x         2y     '    144 

J_   =    _L,  .-.  w  =  8,   x  =  Q. 
*y         16 

3.  (1)  3-d  faetor=  (2/+3/)=;  4th  =  (^-SyV  ;    .-.   entire 


product  =  (2x  4- 3^/  )3x(2j:  —  3y  )3  =  (4^J  —  9y')3  =&c. 
(2)    -(* 
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4.  (1)  a;3  +3  +  9^-2.     (2)  By  Homer's  Division,  or  by  factor- 
ing, x2  —  (a  +  l>)x  —  c. 

5.  =  xa^(3**--»+*  _  -^  which  vanishes  for  x  =  1,  and  x  =  -  1, 
since  2m—  2>t-f-2  =  2(w  —  n  +  1)  is  necessarily 

6.  Add  the  fractions  ;  numerator  = 

(a2  -  6c)(6+c)+(62  —  ca)(c  +  a)  +  (c2  -ab 
which  vanishes  for  a  =  0,  and  .-.  for  b  =  Q,  and  c  =  0.  Also  it 
vanishes  for  a+  6  =  0,  .-.  for  6  +  c  =  0,  andc+a  =  0,  i.e.,  it  van- 
ishes for  six  differe  t  factors,  .-.  it  vanishes  identically. 

1423 

7.  (1)  Equation  reduces  to  +^         +         >  or 


4),  .'.  »  =    ,  or   - 
21  f  a?  |      100 


400x2?/2-400?/2,  or  (7^^  -25^/3)(9a;2-  16?/2)  =0,  .-.  9x*  -  1 
=  0,  and  x=±jy,  substitute  in  first  equation,  y  =  +  3,  or  ±  |/  —  9 

PAPER  XII.,  page  220. 

2.  (a+&)(«-6)  =  a2-&3;    (a-6)(a+6)(a»-f  6»)  =  a*-6*.  &c., 
z.e.,  the  product  of  three  factors  =  a464  ;  offour  =  as—bs  of  Jive, 
=  ai6_&i6    .........  .    .%    Of  n+l,  an-  b\ 

3.  Apply  Homer's  method, 

211       -1 

4-2         +2         -f4         +8  ......... 


1          -Hi          +2         +4         +8   + 

or  l+a;+2x3+4a;3+8a;4  + In  this  series  note  that 

(1)  the  index  of  a;  in  any  term  is  one  less  than  the  number  of 
the  term ;  (2)  the  coefficient  of  any  term  is  that  power  of  2 
whose  index  is  two  less  than  the  number  of  the  term. 

(3)  the  remainder  after  any  term  =  next  following  term. 

...  (,-_{-i)th  lerm  =  21'~V,  and  the  required  remainder  =-2'.cr+1. 
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4.  x  and  3-z  =  the  parts,   then  x-  -  (3-.r)2  =(x+3  -z)x 
{x-(3-x)}=3{x-(3-x)}. 

5.  (Difference   of    the   quantities)  -~6x  —  1  — oz-t-  6a;3.   which 
divides  the  second  quantity,  and  also  the  first  giving  quotient, 


-  24 

6.  Expression    is  x*  +  '2mx*  +  x°(m+ 

the  first  two  terms  of  the  root  must  be  .r-+mx  and  the  last  term 
«,  .-.  the  expression  must  be  (z24-2»wx+n)2  =  x4-»-2w^3-f 
z2(«j2+2«)4-2/Httz-l-tt2,  equating  coefficients  we  have  ;«2  +  2"  = 
»/)-}- 2 n+p,  .'.  m- —m=p,  and  2»m  =  2m»-r-y,  .*.  j  =  0;  and  H  is 
independent  of  the  others  and  may  have  any  relation  to  them. 

7.  (1)    Reduce  the  fractions  and  add,  .-.  2+4j;2  =  ^l  -xa), 
x3  =  (a—'2)-z-(a  -      .       2)  Reduce  first  fraction,  .-. 

i/<t-c  —  b  =  (  y/ax->j)~-n  —  c,  .'.  ^/x=  {b^n  —  1)  —  cu}-r-  </a(n  —  1). 

112233 

i3)  Equations  reduce  to 1 = 1 = 1 —  1,  .*. 

x       </       z       x       z       </ 


x+y  +  z          a?  by          <t(y+z)  alz 


z  z  z       '    (a -1)2         {^a-l)6— a}« 

ab 


9.  x=tens,  y  the  units,  then  1  Ox  +  ;/  =  the  number,  .-. 
,  whence  x=,  </  =  7. 


PAPER  XIII.,  page  221. 

1.  The  factors  of  the  numerator  are  a2  —  62,  b2  —  c2    c2— a8, 
.-.  the  expression  = 

+  {(a+b)(b+c}{<  ^-a}} 
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2.  a-  b  becomes  {(a+x)  -(b+x)}  =a-  b,  .-.  b—c  and  c—  a 
also  remain  the  same  as  before.  .  •.  the  expression  would  still  be 
(a  —  b)(b  —  c)(c—  a),  which  =  2,  when  a  =  2£,  b,  8£  ;  c,  4£. 


8.  (1-fa^Xl-f  a2z)  ............  (l  +  anx).     The  first  term  of  pro- 

duct is  evidently  1;  to  obtain  the  second  term  a^x  would  be 
multiplied  into  the  product  of  the  first  terms  of  all  the  factors, 
leaving  out  the  first;  this  gives  atx',  similarly,  a2x  multiplied 
into  the  product  of  the  first  terms  of  all  the  factors  excepting 
the  second  —  azx,  &c. 


.•.  the  second  term  =  («.1+«2  +  .........  +««)#>  the  third  = 


where  C:  is  the  sum  of  the    combinations   of  a1  «2  <is  ......  ar 

taken  one  at  a  time  ;  02  the  sum  of  combinations  of  at  «3  a3  .....  ,an 

taken  two  at  a  time. 

4.  Let  a;  =  sum  lent  at  8^  per  cent., 

y=  "  9 

then  x+y=  whole  sum  borrowed  ; 

84?          9y  JL( 

100         100         1UOV 

Sky          9x          JL( 
100  +   100         100V 


To 


b  'c  —  <V  '      _ca'  —  c'a 
5.  ax  +  by  =  c,  a  'x+b  'y  =  c'  x  =  ^T^<b>  V  ~  a  i^W 


.'.  mx+ny=    -±  -  {-  --  -7 
ab1  -a  'b 


CHAPTER    SEVEN.  179 

This  value  is  indeterminate  when  m(b'c  —  bc')=n(ca'  — c'a)  and 

m          ca'  -  c'a  a  b 

ab'  =  a  o,  t.  e.,  when  —   =    -T-, ;— /-and — r   =   -=-r 

n  b'c-bc  a'  b 


ll~  "2 


8.  aa1x2+6a1j;+ca1  =0     (3)  art^2^-^^^^,  =0     (4), 

(3)-(4)  .-.   (a16-a/)1}a;  =  /^1  -a,c%    .-.    ^=  o'ft_a^  ' 

Again,  ac,x2  +  ;e,./;+ect=0     (5)          a^+b^x+ccj^  =0     (6) 
(5)-(6)  (ocj  -a^x2  =  (btc  -bc^x  or  (acT  -alc)x  =  (blc  —  b;t) 
blc—bcl          blc—bcl          ac-i—a^ 


9.  Let  x  =  left-hand  digit,  y  =  right-hand  digit, 


=  9,         .'.  x-y  =  l 
From  (3)  and  (4)   x  =  6,  t/  =  5,     .:  nnmber  required  is  60. 
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PAPER  XIV.,  page  222. 

1.  The  expression  vanishes  when  a  =  0,  .•.  a  is  a  factor,  and  by 
symmetry,  b  and  c  are  factors  ;  .'.  the  expression  =  nabc  where  n 
is  numerical. 

Let  a  =  b  =  c  =  1,  and  then  n  =  12,  .-.  the  expression  =  I2abc. 

3.  x*+y*+z*  =  -  2(xy+  yz+  -fsw;) 


hence  x/2yz—x-y/zl+y/2zx—y2z'x'+z'2xy—zyx'y'  (1} 


-\-z2zl(y'+x')-zz'2(y  + 


+  (z2+z'*)(xy-x'y') 
=  xyz(x  +  y  +  z)-x'y'z'(xl+y'+z') 

+  (x'-yz-x2y'z'+y'2zx—y2z'x'+z'*xy-z2x'y')=Q. 

4.  Let  ic+dist.  and  y  =  Q's  rate,  then  \x~-^  =  |.T-T-(?/  —  1) 

.-.  y  =  5,  also  $a;-s-3  =  £»-3-y  +  f£,  .-.  ^  =  T 


5.   (1)  x(mn-n  )-am       ^      , ..         n 

(2)  Add  twice  the  second  equation  to  the  first,  then 

(a.s+y9)_  182  =  0, .-.  (x-  + //3-13)(.r2  +  »/2  +  14): 

=  13  or  a;2+//2  =  -14 

...  #2^=49-13  or  49  +  14,  ;c,/=±6  or  ±3v/7   (4) 

taking  x2+y*  =13  and  xy=  ±Q,  (x+y)2  =  25  or  1, 

.-.  x  +  y=  ±5  or  ±1,  (x  —  y)2  =  1  or  55,  -z—y=  ±.1  or  ±5, 
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C.  Let  x  and  y  be  the  numbers,  then  ±(x-y}  = 

(x  —  y\=-$xy  =  \x,  •'•  tx~lxy>  •'•  since  a:  cannot  =0,  y  =  '±. 


PAPER  XV.,  page  522. 

2.  From  formula  [8]   the  expression  =  0+(c  —  a)3  =  J. 

3.  c2(c2  -6rf)  +  rf2(fe8  -a<r)+ar(ad-6c). 

4.  Let  x  represent  the  time  after  noon,  then  mx  =  nx+'2.  .:  x  = 
•2~-(m—n).     Ifm-n  is  negative,  x  is  negative,   which  shows 
that  they  were  together  before  noon.     If  m  -  n  =  0,  x  is  infinite, 
•which  shows  that  they  are  never  together. 

5.  (1)  (x+a)(x—  2/i),  x*(x+*),    -x*(x-a),     .-.  the  L  C.M.  is 
xa(x  +  a)i,  -la). 

Quantities  are  (x-aVz+«)(x—  y),  &nd(x+>i)(x+y)(x-y), 
:.   L.  C.  v  **-//3>. 

6.  (1)  First  fraction  reduces  to  (a-f  6-c+J)  -5-  (a+6  +  c-fd), 
/.  by  symmttry  the  denominators  of  the  others  are  the  same, 
and  the  numerators  also  can  be  written  down  at  once. 


.-.  result  is  (a  +  b  +  c  +  &l)  -5-  (a+b+c 
jc  +  ,;-z>  -r-jf  -«/+«);  3a-*-(a  +  6). 

.a   of  first  and  second  by  I,  and  arrange  result  : 
-P  bc(x  -y-z)  =  26*  (c  -  a)  -f  aft(fl  +  6)  -  bc(b  +c)  . 
1(j  by  similar  results  may  be  written  down,  r 

le  three  results,  .-.  2a8(6-c)+2*8(c-a)+2c*(o-6)  =  a 

10y4-z  =  <A     -  P  +  V=H(*+y).  and  jp-g_ 
,-:-y)=9(x—  ^;xll(x*y;?  anidentit}. 
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PAPER  XVI.,  page  224. 


.    (a 

{(a-6)  +  (&-c)  +  (c-a)}s=0, 

-6)(c— a)-f 


s  —  a         s  —  b          s  —  c    .    j, 

2.  -  _|_  — _   j_ [-  &c.  to 

s  s  s 

ns  —  a  —  b  —  c  to  n  terms         ns  —  s         sin  —  I) 
_    _    _^ ;  =  n  — 1. 

,v  .S  S 

3.  First  let  a  —  b,b—c,  c— a  =  three  positive  quantities  k  I  m, 
Adding,  0  =  k-\-l  +  m  sum  of  three  positive  quantities  zero,  which 
is  impossible.     Similarly,  a—  b,  b  —  c,  c  —  a,  can  be  proved  not  all 
negative. 

A      2iC^ 


5.  See  Paper  XIX.,  prob.  4.     The  value  of  (p  —  q}2  found  as 
there  indicated,  will  vanish  if  any  of  the  given  conditions  hold, 
unless  also  a+b  =  c-\-d,  in  which  case  the  value  is  0-=-0. 

6.  .'.   J?n-t-ay**  =  x*-i-b(x-y)* 

-2  /v.  1  y 

and  —   = 


(  f   /      1     i  1\    ^ 

Jl  +  v/  [«¥+467    I 
771  —  /  ^ 


7.  See  Prob.  12,  Ex.  XLI. 

8.  Let  x  =  distance  from  the  station  (P.)  to  the  point  where 
overtook  B,  and  x—  c=distauce  from  station  (Q.) 

/.  x-t-a  =  (x  —  c)-T-b,  x  =  ac-^-(a  —  b). 
If  a  <  b,  x  is  negative  and  must  be  reckoned  to  left  of  P,  and  A  mus 
have  overtaken  B  before  they  reached  ihe  points  P,  Q,  respect- 
ively, or  they  must  have  been  moving  in  the  opposite  direction, 
and  B  must  have  overtaken  A  at  some  point  to  the  left  of  P. 
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PAPER  XVII.,  page  225. 
ab-(a 


ab  ab 

2.  (1)    =  {(  +  *)•  -a}  {(x-b)*  -a] 

=  (a:2  -&2)3  -  a{(x+by  +(x-  ft)2}  +fl 


(2)  8fl2     2a6 
8.  (1)  If  .c+a  is  a  factor  of  x2  +px-+-q, 

then  x2+px+g  =  (j;+a)     x  -\-  -L\t 


hence  p  =  a  -f  —  ,  .'.  —  -p—a. 
a  a 

Hence,  x-  +px+q  =  (x+a)(x+p  -  a). 
Similarly,  x  2  +px  '  4-7  '  =  (x  +  «)  (*  +p  '  -  «)  - 
L.  C.  M.  =  product  divided  by  H.  C.  F., 


(6)  Difference  =  ic^'  +  ?—  ,    +  —  C  =  3,  which  is  inde- 
x—a        x  —  o         x-c 

pendent  of  x. 

4.  By  Art  XXXVII., 

(a-f  6+c+^)-c  +  anal.  +  anal.         x+y+z 
~ 


5.  Substituting  3  for  x,  the  two  sides  of  the  equation  become 

f  —  +  3    (x  +  —  j  =  («  4-  —  1  3     Section  II.  [5]  . 
xs  \          xl       \          x] 

i  i    •    3  /  1  \  3 

Hence     [x  +  —      =»i,  and   [x  -  —      =n, 
\         xl  \         xl 


equal.. 
6. 


:.     x  +  —  =  fKw,  and  x  —  —  = 
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2a?  =  ^/»  +  ^n;  and  Jl.  =  A"w - ^n ;    .-.  m*-w*  =  4. 

iC 

111  1 

7.  If        —  +  -r = 

a  b  c  n -\-b-c 

Then  -+1----  =°" 

a  b  c  a+b  —  c 

Now,  let  a  =  -  b,  and  expression  becomes  zero  ; 

Hence        a+b  is  a  factor, 

Similarly  a  - -c        " 

And  b  —  c        " 

Hence,  expression  =  m(a  +  b)(a  —  c)(b  —  c)  =  o  ; 
.*.  one,  at  least,  of  factors  =  o  ; 
.-.  a,  6,  c,  cannot  be  all  different. 

8.  Let  x  =  number  of  gallons  drawn  from  first  cask. 
Then  6-f-c  —  x=       "  "  "         second  cask. 

m  p 

Hence       — — x  -\ -.—  (b  +  c  —  x)  =  o. 

wi-f-w         p-rq 
i 

(»'+«)» 


mq—pn 

mc  —  bn,     ,    * 

ando-fc  —  n=  -         -  (/>+</). 
mq  —pn 

PAPER  XVIII.,  page  226. 

1.  (1)  (l-x)(l+x)(l+x2)(l+x*)(i-+xs)  =  l  -xl«. 
(2)  Theory  of  Divisor,  page  39. 

2.  Siacea(ft-c)2-c(//  +  ^)2=° 

(l  i  b-\-c  ^  A/«          b  +  c          i/a  +  i/c 

7"     =  \b  —  c  }  y'c    "    b  —  c          Va-  \  t    "       c 

c       \/a+  yc  ^  _f_          1 

IT  '    ya  -  -/c   "       c  b 

3.  Let  x  =  A's  age,  and  2  =  B's  age. 


CHAPTER    SEVEN.  186 

Also,  father's  age  =  '2y+5x,  and  mother's  age  =  5ac  —  2y, 

and  »x-*y      .    ™I^y_  .       9 
5x+2y    "    Wy+$g 

.-.  mother's  age  is  ^  of  father's. 

4.  The  difference  between  the  quantities  is 

(a-b)x*  -  2(<|2  -  /  -2  )x  +  (a  +  b)(a2  -  b*}  =  (a-  b}{z-<a+b 
and  the  H.  C.  F.  is  a  factor  of  this  difference.  But  it  cannot  be 
«  —  b,  fora;3  is  not  divisible  by  a  —  b  ;neither  canit  be  {x—  («+6)}8, 
for  (a  +  b)2  will  not  divide  a2  (a  +  b)  nor  b2(a+b).  Hence,  if  the 
quantities  have  a  common  measure  it  must  be  x  —  a  —  b,  and  this, 
by  trial,  is  found  to  be  a  factor. 

5.  Identity  holds  if  (a+b—  c)3+(c+«-6)3  = 
2{(&+c)3-(6+c-«)3},  if  (a+b-c)2  —  (a+b-c)(c+a-b) 

=  (b  +  c)2+(b+c)(b  +  c-a)  +  (b+c-a)*,  if  a(b+c)=±bc.  Or 
add  and  subtract  (<»-j-6+c)3,  and  apply  identity  in  q.  7,  page 
86,  Hand-Book. 

6.  (1)  Book  work. 

(2)  Multiply  out  and  extract  the  root  in  the  ordinary  way  ; 
tne  vault  is  x-  -xy  —  xz  —  yz. 

<i+b  b 

x-y  a  —  b    ~     a  aa-f/>3 


l+xy   ' 

1  +  a  -6  ' 
8.  (1)  z  =  9«. 

(2)  Square  and  simplify,  and 


or 

.-.  (iir--l=0,  ora;=-!-  — 
~v  2 

and  2x-  -  3  =  0,  or  ?  =  -  }  -|  =  ^  v/6. 
9.  Let  x  =  one  part,  then  2  1  -  x  =  the  other  ; 

10.e  =  9(21  -*)  +  !  ;  .-.  x=  10  and  21-z=  11. 
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PAPER  XIX.,  page  227. 


2.  From   the  conditions  xy-\-yz+zx  =  Q  ......  (1),  and 

z'2=0  ......  (2). 

Also  by  formula  [8]  and  (2), 


0...(4)  now  divide  (3)  by  (4). 
8.  (1)  (5x-l)(4x+l),  and(5x2-l)(15ic2+ 
=  H.  C.  F. 

(2)  (x+t/r  =  7xy(x+y)(x*+xy+y*)», 


.-.  the  latter  factor  is  th^  H.  C.  F. 

4.  First  eliminate  xy,  and  find  the  value  of  x+y,  hence  (x+y)* 
is  known  ;  second,  eliminate  x  +  y,  and  find  the  value  of  <ixy 
which  subtract  from  that  of  (x  +  >/)2  and  (x-y)2  is  found.     Or 
ab-(a+b)(x+y)+4xy  =  0  ......  (1), 

cd-(c+d)(x+y)+4xy  =  Q  ......  (2), 

and  let  (x-y)2=z  ......  (3). 

(2)  -(4)  .'.  (a+b-c-d)(x+y)=ab-cd  ......  (4) 


or  {a-(x+y)}{b-(x+y)\=±  ......  (5). 

But  (a  +  b-e-d){a-(x+y)} 

-a*  —  ac-ad-[-cd  =  (a-  c)(a—d)  ......  (6). 

Knd(a  +  b-c-<l){b-(x+y)\=(b-c)(b-d)  ......  (7). 

(5),  (6),  (7)  .'.  (a  +  b-c-d)2z  =  (a  +  b-c-d)?{a 

{b-(x+i/}}=(a-c)(a-d)(b-C)(b-d)  ......  (8). 

(3),  (8)        .'.  (.1—  y)*=(,i-c}(a-d){b-c)(b-d)+(a+b-c-<1)a 

5,  Add  (1)  and  (2)  and  z  is  found  at  onaQ  =  bx+uy,   whic) 
substitute  in  (2),  and  we  get 

y3(l-a»)  =  aja(l-6a)  =  (by  symmetry)  z»(l-<-*) 
..  a;2H-(l-a2)  =  2/^(l-62)  =  ^-^(l-c2). 

6.  Apply  (5)  page  122.     a;  =  (a+2)2H-(4a2  +  4fl). 
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7.  Extract  square  root,  remainder  is 


whence  x  =  (lb*  -a*)-i-l'2a. 

8.  Let  a;  =  number  women,  then  x  -f  4  =  number  men,  2x4-14 
=  number  children      /.  4.i-  -f  18  =  90,  x  =  18. 

PAPER  XX.,  page  228. 

1.  (l+?n\H-(l  —  n)y.     (2)  The  remainder  is  (m2—  n-/wn-t-7)a; 
-ir-mn  —  pn  +  r,  which  must  vanish  for  all  values  of  x,  :.     . 
m2  —  n—pm-t-q  =  Q,  or  p  =  (m2  —  n+g)  -f-  m  ;  also  mn—  pn-r-r  =  0, 
.-.  p  =  (mn  +  r)  -f-  n  ;  equate  these  two  values  of  p,  and 
nq  —  n-  =  nil. 

3.  (a;2  -l)(x8  -/>*+?),  and  (x»  -l)(a;3-^+/>),    .-.  x*-l  is 
the  H.  C.  F. 

4.  (1)    = 
(2) 

5.  Equation  reduces  to  2  -=-  (8jj  -  9)  -  1  -i-  (4ar  -  3 

l-^(4x-5)-2-s-(aB-7),  whence  *=!. 


1.   ,«c- 

3         <2>  -  =  2-  »"».  -4. 


8.  Let  a;  =  number  of  first  kind,  .-.  c—  2;  =  that  of  second, 

:.   —  _i_         -  =  1,  whence  x  =  a(b  —  c)  -=-(6  —  a), 
a  b 


9.  Let  a-  miles  per  hour  =  rate  at  starting,     .-.  4^--^-a:  =  ti 
required  to  walk  distance,  and  H  —  ar  =  time  for  li  miles; 
..   H--^-+^4-3^-(j;4-i;  :••*,  whence  x  =  3. 

10    (1)    '     —  -     —         <tld"'4  •  ^         £!.    •    "3''2          c* 

/r*"  '/4     "    64+t/4  '    63     :  '    62^2     =    ^4 

.'.    (fl4  +  ,.4,  ^_  (/,4_|_,/4|_a2,.2  ^.^2^2  (2)    £000. 

(3^  Quantity  vanishes  for  a  4-6  =  0,         .-.  (a+6)(6+c)(c4-a. 
Numerical  factor  =  3. 
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NOTK  —  References  are  to  the  "  Hand  Honk. 
Q.  5,  page  14.     By  No.  2,  Ex.  V.  (ftx+l>>/  +  t>z} 

).        A1SO 


y=cx-T-y--z~a-rz(tx      >>/ 
Now  add,  .'.  &c. 

9,  p.  14.    By  Ex.  I.,  p.  11. 


similarly  for  2{(a2+a*-x2)2+&c.}. 

5,  p.  43,  is  not  a  case  of  exact  division  :  remainder  can  be  easily 
found. 

a+b  b+d 

70,  p.  164.  — i  - 


a+c  c  +  d  (a-d)x—  (li 


(a-d)x-a(a+ 2h + 2<-  +  </)  -  26c 

(a? -e)  {»-(•'«  +  26  +  «  +  rf) } 
.'.  a -d)x  —  a(a-f26  +  2c+cZ)  — 26c_0,  unless  the  denominators 
are  equal,  i.e.,  b(«-\- 6-|-2c+c/)  =  c(rt  +  2i-}-c-f  d),  which  reduces  to 
b  =  c,  or 
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80,  p.  165.      .-.  «n(«-6)/J!L    -    -1  -^ 


—  p         x  —  q) 


m(a  —  li)\m  ~q}x        n(b-c)(n  —  q}x       p(c-d)(p  —  q)x  _Q 
(x-m)(x—q)  (x—n)(x-q)  (x-p)(x-q) 


.'.x  =  0  {or,  m(a—  b)(m.-g)-^-(x— 
Pp.  175,  176,  177,  Exercise  LVL 
75-87.     Let  a—  x  =  k+y,  x  —  b  =  k  —  y,  a  =  £-f  m  and  .-. 

—  b  =  k  —  m,  from  which  it  follows  that  2k  =  a—b,  ^m  —  a-\-b 
and  y  =  k(a-\-b)  —  x=m—x.  Also  let  j  be  defined  by  the 
equation  j-  +  J  =  0. 

77 


+y)3  +(k-y)»    '"'   (A+m)»  +  (*-«)* 


.-.  y2-wi3=0,  and  .-.  y1+m  =  0,  or^j—  m  =  0.     (By 

ys+w8  +  6ft9  1 

or   -2  —  -  1  -   —    -  ,  and  .•. 

" 


,+ 


•'•  ?/s  =fir,  y4  =  —  jir,  in  which  r2  =  (5A-3+»«2)  H-  (&»-f-»is). 
78       •    (/f+? 


.-.  j/3—  wi  =  0,  and  .-.  y1+w  =  0,  ya—  m  = 


3  Q  t3(3.         _ 
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(k  + 


&3  -t- 


.•.  y2  —  TO2  =  0,  and  .-.  y  x  +m  =  0,  y3  —  m  =  0, 

3   . 


80      - 

/2  -A;2 


4t/2  4m2 

*     _  y^_  y 

m*  ~  in*     '  ' 


-m-0,  mys+k*=0,  wy4  -  A3  =  0 
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'-a 


y*-m»)     y*-m*          9_ 

**  +  10*3013  +  5,,!*  wi8 


*  +10*  V  +  (A-  -  C)A'4  =  °-     Lefc  ksZ  = 


^2  ,  2  _  1  25  -  6s2  +s*  }**  =  0. 
Letr8=25-ti«s+*4,  .'.  {s2ya-(r-5) 
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Let  «2  _ 

Let  ;-2  =  &- 


88.  Expand  and  collect,  3z2(za-|-2a;+l)— 8  =  0. 

.•-  9#2(>-j-l)2- 24  =  0,  .-.  3x(x +!)-}/ 24  =  0,       (By  B. 


89-102.  Work  with  a  new  variable  w  such  that  wx  =  : 
Having  determined  the  value  of  w,  that  of  x  may  be  determined 

thus —   w,     .•.    /  -  — )     =          -    =  r3  say 

r+1  r-1 


_ 
'  = 


9      .  -  -  a 


6 

-  __ 

=  " 


...    "i±      „   ^_f  =  r»,  (as  above). 
j/;  —  2          a— 


_       or 


(w-2)(tc-l)   "      b         w»-8w+2   "      6 

2u?  a          T    ,         _  - 

Let  tsoic  —  2,   .'.  5w~t  +  Z. 


Sit;  —  2  a  —  b 

25a  «2+24         lla+146 


a— b  t  a—b 


(a) 
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a  —  b 


a—b  'a—b 


.*.  IV  = 


91       tp~2        .   ±     .-.   'L2_-_^+_9   =   *Z*i  =  *2  sav, 
(u;-!)2    "      6  l^'-l)2  6 

u--3  3-f-s 


92    .-. 


(«?+l)2  a 


ir  (ir  4-2)         4  o  —  6 

J1^         ^_     .-.  «-2  =  _2^. 
u-2-f2  b  b—a 

(u-4-2)2  a        .      Af  +  V-        a 


94. 


»  6  l»— 2/  «-86 

=   +  s  or 


x-1/  *-l 

«-+2  a 

95.    .'.  r-^ToTs    =    y-     Let  £  =  if -2. 

f+4  a  t2-j-16?  +  64          16a  +  6 

•'•   72~    =     >*"*-"     "T2""  b 

«-+2 


96' 


"I  t  2        *   tf-2 

w  +  1     ic  —  1     if2  — 1       a  4«— 6         s2 


2(rt — fe)-4-g 

2[6-a)rE«' 


w8  -  3          a  4a  -  36 

97.    -? — ^    =    -T-,  .-.    i*3  =    -T— T— 
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-4  b 


98.    - 


w  a 

b±s 


I       ~   ~      a*          ~     a* 


a_         tp+u>-  _« 

6'        wa_»-2   a      6 


(a  -6) 


100 

x*^x*+x2-x+l          (x2 

w*  +  w—l  a  w«  —  1          o-J-6 

*  w2  —  w—  1  &  w  a  —  6 

/u>2+l\2_    (« 

•'•      ""      = 


(a  -6)2  (a  - 


+s 
4±3s' 


-  \  Sa 

102.    ..V-1  -r-i    =   -r-  .*•         '  s        =   ;  777;;  = s2  sa7» 


—  S)   •'* 


2 


103.  (a-x)(ic-6)w  =  (a-a:)2  +  (a;-fe 

2{(a-x)4  +  (a;-6)4}-9(a-a:)(a; 

14(a-a;)2(a;-6)2=0,  .'.  2(w»  -2)-9w+14=0, 
or  2M;2_9J(,-}-10  =  0.  or  (w-2)(2n>-5)  =  0, 
.-.«;,  =2,  2it-2  =  5,  /.  2(o-a?)(*- 
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and.-.  {(a-x)-(x-b)}*=0,  .-.  a;,  =*(«+*). 
and  .-.  {2(rt-z)-(z-6)}{(a-a:)-2(z— 6)}=0, 

•       V       —  i- 1  ' 
•  .  »J—  t\- 

104.  4j(a- 


a;)3-(*—  6)»}  +  8(a-z)(jr-6)]=0, 
.-.  {2(a-x)  +  (x-b)}\(a-x)--2(x-b)}x 
{2(a-x)-(x-b)}{(a-x)+2(x-b)}=0, 

.•.*I=2a-6,  ajs  =  K«»+26),  x3  =  ^2t+6),  jr4=26  -a. 

105.  or*  -12x»-»-49a:s  -78^  +  40  =  0, 
.-.  (**  -  6x)3  +  13(a;2  -  6x)  +  40  =  0, 

(x*  -6x+5)(x*-6x+8)  =  0, 
.-.  (jp-l)(af-6)(x-2)(x-4)=:0,    .-.  x  =  l  or  2,  or  4,  or  5. 

106.  (JT*  -  1)  -  da:(ar*  —  1)  +  7(^3  -  1;  =  0, 


.-.(*-  I)(as+l)(x-2)(a5-4)  =  0,  .'.  a?=+l,  -1,2,  or  4. 
107.   a;2-5a: 


.-.  (aj-l)(x-4)(a:-2)(*-8)  =  0>  .'.  a-=l,  2,  3,  or  4. 
108.  2(4*3  -3z)*-7(4j;*-3;e)  +  5  =  0, 


=,  .-.  x=  -,  -},       or 
109. 


2)  =  0,  or 
.•.  x=  —  1,  3,  or  4. 
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110. 


Let  x2~ 


10 
- 

y 


8 


9 (x - 2a) 


9 


=  0, 


=  0, 


T/+3  T/  +  4 

-.  7y2-lly- 120  =  0,  or  (y-6)(7y  +  24)  = 
'.  a:2-4aa:  =  5a2,  or  7a;2 -28«:e+24«2  =0, 


.*.  a?!  =5a,  a;3  =  —a.     (Two  other  values.) 
111.  Let  25y  =  x2  —  S5. 

14(20  +  55)          5(5  +  40)          4(25-10)_ft 
25y-llOQ    "   25y  -200   "   25      10^* 


70 


15 


w  —  44 

...  y*-2y- 163  =  0,  or  (y+12)(y-14)=0, 
.-.  a;2-35a;+303  =  0,  or  x-  -35a;- 350  =  0, 


9a 


.-.  x=  15  or  20.     Two  other  values. 
%i  2a 


X  X  A»     .  .  r\        — 

a;  a;  — a         a; — 2a         a; — oa         x—  4a         x-5a 


-n  + 


25  27  2 

Let  a*y  =  x*-5ax,    :.    '-       -   -^n    +   - 

*/ 


113. 


.-.  (2x-5a)2=0,   .-.  z  =  2£«. 

2255 
•"  T 


«-l    ""   a-2         aj-8      "  aj-  5' 


-f 


Let  y  —  x*  —  3x  and  collecting  pairs  of  terms  as  in  precedii 

14  6  6 

solutions,      — TTC   +   —  +   - 
y  "^  -***J         y 


-15x+6  =  0, 
=  4or  -1. 
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114.  Assume  »/  =  *2  —  6;e,  and  collecting  in  pairs  and  reducing 

/the  term  -  must  be  written     —  x~    ' 
\  x-'S  x- 


the  equation  becomes  _  -      _  4.  -   =   0 

y          y  +  5         y  +  8         y  +  9 

.'.  41y9+73;/-  2520  =  0  or  (//  -7)(41.y-f  360)  =  0, 
.-.  x2  -Qx  -7  =  0  or  41*2  -246^+360  =  0, 
.-.  (x-7)(z+l)=0,     .-.  a;  =  7  or  -1. 

115.    /.     /«2-a2 


+(a*+b*)(b*+c*)-2b*l/  {z*  -i-c  ; 
-2/y21/{a;4  -&c.} 


«-2  4-r3«*  J2  =  0, 
.    /  6c          ra          aft  \ 

.-.  X=±H—  +  —  -f  —  . 

\a  6  c  / 

116.  Multiply  both  numerator  and  denominator  of  each  mem- 
ber by  the  denominator  of  that  member  and  reduce 
a2 


m-x 
a3 


-4) 


Square  and  reduce 


117.  Work  as  in  Ex.  115 
Let  2s  =  a+6  +  c  and 
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Or  thus,  let  a*  =  4(  -a2+b-+cz),  b*  =  $(a2 —  b2 +c*).  c\  - 
—  c2),  and  the  equation  becomes 


of  which  (see  Ex.  115  above)  the  solution  is 

C/*    ft  ft     n 

I  °lal         |       "'_! u 

111 

118.   .-.    </(a-x) 


-a2  -  i2  -c* 


a—x          (a—  a;) 

~ 


.-.  (a-x)(x-b)(a-b)(a  +  b-2x)  =  Q, 
.'.  x  =  a  or  6  or      a 


120 

Let  w=  \/(a+x)  and  t>=  V(«-«).  •'• 


(a2-a;2)  =  (a2-a;2)2,  .'.  (a2  -x*)(3a*+x2)  =  0, 
.'.  a;  =  ±a  or  ±ja-[/3. 


tiw(w  —  v)2  =0, 

w  =  0  or  v  =  0,  or  M>  =  v.     Cube  these. 

a—  a;  =  0  or  x  -6  =  0,  or  a—  a;  =  a;  —  b, 


=  a  or  fc  or 
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21.  p.  200,  .-.  (z+7/)  +  (y+z)+(z+z)  =  2(fl+?>+c),  and 


cu-i-av-}-bu;  =  a2  -j-62+c3  if  =  6,  &c. 

15.  p.  205, 


Assume  x  —  \=  (a  —  l)v  and  .*.  y-  1  =  (6  —  l)i-,  /.  also 

z-a  =  (a-l)(v-l)  and  x-^-a  +  l  =  (a-l)(t-+l)  +3 


. 

' 


.'.  v  —  1  =  0,  and  .'.  x  =  a,  y  =  6;  or 


-  3(6-1) 
ar+1          a2+a  +  l  a  +  6+1 

or  ''"'  ''•  "  •'•  x 


=  (a2—  6)-j-(l-a6),  y  =  (b*  -a)  -  (1  -ab). 

ERBATA. 
Example  iii.,  question  28,  "  Cube  of  the  sum.** 
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This  work  discusses  in  a  terse  manner  OVER 
ONE  HUNDRED  of  the  mistakes  commonly 
maoTe  by  untrained  or  inexperienced  Teachers. 
It  is  designed  to  warn  young  Teachers  of  the 
errors  they  are  liable  to  make,  and  to  help  the 
older  members  of  the  profession  to  discard  what- 
ever methods  or  habits  may  be  preventing  their 
highest  success. 

The  mistakes  are  arranged  under  the  follow 
ing  heads : 

1.  Mistakes  in  Management. 

2.  Mistakes  in  Discipline. 
3  Mistakes  in  Methods- 
4.  Mistakes  in  Manner. 
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numerous  illustrative  examples. 
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the     fi  nest  chapter  0:1  factoring  that  has  ever  appeared. ' ' 
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the  questions  set  by  the  University  of  Toronto  during  twenty  years. 
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